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AP LUC DAT LEN TUONG CHAN CUA NEN NHIEU LOP

CO MAT PHAN LOP NAM NGHIENG

PHAM VIET ANH', NGUYEN PUC MANH ",
PO HONG NGAN™

Earth Pressure on Retaining Walls for multi-layer ground with inclined
sub-layer surface

Abstract: Earth pressure acting on retaining walls is a common problem
in geotechnical engineering. The determination of earth pressure on
retaining walls for multi-layer ground is usually based on the methods of
Rankine or Coulomb, with the assumption that the layering surface is
horizontal. However, in reality, it is common to encounter multi-layered
stratigraphy with inclined layers. This paper focuses on the development
of Coulomb's theory of earth pressure, applied in the special case of multi-
layer ground with inclined sub-layer surface. The results of the paper can
be applied in design of geotechnical structures.

Keywords: Earth pressure, Rankine, Coulomb, retaining walls

1. PAT VAN PE

Hién nay, 1y thuyét ap luc dit tac dung lén
tuong chin thuong duoc xdy dung cho nén
nhiéu 16p v6i mat phan 16p nam ngang. Trong
thuc té nén thuong khong ddng nhat, mit phan
cach giita cac 16p dit nim nghiéng. Mot vi du
dia tAng dang nay c6 thé gip trong qua trinh thi
cong tudng chin cho mai dao. Pé thi cong
tuong chan can phai dao mai taluy sau tuong
v6i goc taluy dao phu thudc vao dia chat nén,
sau khi thi cong xong moéng va tuong chin s&
lap dat lai, dat 1ap c6 thé 1a dat ban dau hoic 1a
dat moi, tao nén dang dia ting c6 ranh gidi nim
nghiéng, khong nim ngang. Ap luc dét tac dung
lén tuong trong cic trudng hop nhu thé nay
chwa duoc xem xét day du.

Ly thuyét ap luc dat tic dung lén tuong chan
thuong dugc xdy dung theo 3 nhém phuong
phép: (i) nhom phuong phap 1 - dua trén ly luan

K Bo mon Co hoc dat-Neén mong, truong Dai hoc Xay
dung Ha N¢i

" B6 mén Cdng duong thuy, truong Pai hoc Xdy dung
Ha Noi
55 Giai Phong, Béng Tam, Hai Ba Trung, Ha Noi

can bang gidi han cua khéi dit cua Rankine; (ii)
nhom phuong phap 2 - dua trén co so 1y thuyét
can bang khéi truot ran ciia Coulomb, (iii) nhom
phuong phap 3 - dugc phat trién trong cac nim
gin day, 1a nhom cac phuong phap sb, nhu
phuong phap phan tir hitu han (FEM), phuong
phap phan tir roi rac (DEM), dé xac dinh mit
trugt va ap luc 18én tuong chan [1]-[5].

Ly thuyét cia Rankine va 1y thuyét cia
Coulomb 14 hai 1y thuyét cb dién chinh dé du
doan 4ap luc dat tic dung lén tudng, duoc sir
dung rong rai trong thiét ké. Ly thuyét ap luc
dat ciia Rankine va Coulomb déu dugc phat
trién dwa trén phan tich trang thai gi6i han.
Phuong phap cua Rankine dya trén trang thai
g sudt trong ban khong gian bién dang tuyén
tinh, va phuong phap cua Coulomb dua trén su
can bé“lng cua cac lyc tac dong 1én toan by ném
dat, khong ké dén trang thai Gng suit trong
khéi dat [3].

Ly thuyét cia Rankine co thé giai quyét van
dé ap luc dat ciia nén nhiéu 16p, nhung thudng
khong dugc sir dung dé xac dinh ap lyc dit khi
chiu tai trong dong, vi du trong trudong hop dong
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dat. Ly thuyét ap lyc dat caa Rankine hién nay
duoc coi 1a mot 1y luan chit ché vé mat toan
hoc, song con bi han ché chu yéu & chd chua
dua ra dugc cac 16i giai va bang tinh sian cho
moi truong hop can thiét trong tinh toan thuc té
[3]. [4], [6]-[8].

Ve mat 1y thuyét, phuong phap tinh ap luc
dat cia Coulomb khong ap dung cho nén nhiéu
16p, tuy nhién phwong phap ndy cé wu diém la
c6 thé ké dén anh huong cua tai trong dong khi
xac dinh ap lyc dat, bang giai phap gia tinh.
Trong trudng hop dong dat, ap luc dat duoc xac
dinh bang cach st dung cac gia tdc ngang va
thing dirng khong doi trén khdi dat hinh ném.
Ngoai ra, 1y thuyét caa Coulomb duya trén gia
dinh réng cai ném truot doc theo mot bé mat
tuyén tinh di qua goc chan cua birc tudng chén,
diéu nay khéng phu hop voi thuc tidn va thuong
din dén viéc danh gid qua mic ap lyc dat bi
dong khi goc ma sat gira dat va twong 16n hon
1/3 gbc ma sat cua dat.

Céac phuong phap s6 nhu phuong phap phan
tir hitu han (FEM), phuwong phap phan tir roi rac
(DEM), va phan tich gi¢i han phan tir hiru han
(FELA) d3 dugc str dung dé nghién ctru tng xtr
co hoc ctia 16p dit 1ap hep sau twong chin, hoic
cac trudng hop phuc tap hon véi cac diéu kién
hinh hoc va dia ky thuat trong thuc té. Tuy
nhién, phuong phéap sé it duoc st dung vi tinh
phuec tap cua no [2].

Tri s6 ap luc dat va quy luat phan bd cua nd
phu thudc vao nhiéu yéu t6 nhu hinh dang mat
dat va tinh chit ctia dat dap sau tuong, do cing
va hinh dang lung tudng, tinh bién dang ctia nén
dat dudi tuong va anh huéng 1An nhau giita
tuong va dat ... Vi vay trong viéc tinh ap luc
dat, ngay ca ddi v6i phuong phip dugc coi la
chit ché cling khong thé ndo xét day du dugc
cac yéu té c6 lién quan.

Ly luén ap luc dét ctia Coulomb chi duoc coi
la 1y luan gan dung do nhitng han ché ciia cac
gia thiét co ban. Mic du vy, hién nay 1y luan
nay van duoc dung rong rii trong thuc té, vi tinh

todn tuong d6i don gian va dic biét 1a co thé
giai quyét duoc nhidu truong hop phic tap
thuong gap. Trong bai bao nay phuong phap
cua Coulomb dugc st dung dé xac dinh ap luc
dat tac dung lén tudng trong cac diéu kién dic
biét khi ma mit phan cach giita cc 16p dat nam

nghiéng.
. !
EEEEEEEEEE———
’
Patdip ,/ &
’ s
Cl F A, ’ "»S& £ z
yeén vi cua A o bat nguyén tho
&
5 7/ i
tuomg ’ é“&“
[

2. PHUONG PHAP COULOMB DU BAO
AP LUC PAT LEN TUONG CHAN

2.1. Nguyén ly chung phuong phap
Coulomb

Khio sat truong hop tudng chin nhu trén
Hinh 2.1. B¢ xac dinh 4p luc dat chu dong 1én
tudng chin, Coulomb gia thiét rang [9], [10]:

— Mat truot (chu dong hoac bi dong) cia cac
khdi dat ¢ trang thai cAn biang gi6i han 1a mot
mit phing;

— Mt truot nguy hiém hinh thanh trong dat
12 mit phing Gmg voi 4p luc dat 16n nht (trudng
hop 4p luc chi dong) hodc tmg véi ap luc dat
nhé nhét (trvong hop ap luc bi dong);

— Lang thé truot ABC 1a mot khéi cing, dat
trang thai can bang gidi han.

Vé6i cac gia thiét ¢ trén, trong truong hop
dat sau tuong la dat cat (¢ = 0), khéi truot
ABC can bang gidi han duéi tac dung ciia cac
luc Q -trong luong ban than dit, E. - phan
luc cua tudng vao dat ciing bang ap luc dat
1én tudong, va R -phan luc cua dat 1én khéi
truot. Vi khoi truot cin bang gidi han nén
cac luc E; va R nghiéng so v&i phuong mat
trugt trong ung nhitng goéc xac dinh d va j, la
goc ma sat gitra hai khéi truot 1én nhau. Bing
cach khao sat gid tri cua E. véi mot vai mait
truot khac nhau c6 goéc nghiéng thay doi ta
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tim dwgc gia tri 4p luc dat lén tuwong chin
thoa man gia thiét tha hai ciia Coulomb,
twong ung gid tri Ec¢max. Dbi voi dat dinh,
bang cach dua thém vao da giac luc cac thanh
phan lyc dinh giita dat véi tuong va giira dat
voi dat ta dé dang xac dinh dugc gia tri cua
E. (Hinh 2.2)

Hinh 2.1: So do phan tich khoi trieot va dp luc
dat tac dung Ién twong chan

o - @)

w N—E-uj

W BC.c

a) D4l rai b) Exdt dinh

Hinh 2.2: Pa gidc lyc cdn bang gidi han

Ap luc dat lén tuong chin, E., duge xac dinh

theo biéu thuc:

- imoz2 _w .sm(a)—¢) (0-1)
sin[180° — (¢, + )] sin(lw—g¢+a,)

Trong d6: W la trong luong cua khoi truot,
bang dién tich tam gidc cong ABC nhan véi
trong lugng thé tich don vi cia dat (y); ¢ - goc
ma sat cia dit; & - goc ma sat giita dat va
tuong; @ - goc tao bdi phuong mat truot voi
phuong ngang.

2.2. Ap e dit chit dong véi ranh giéi dat
nam nghiéng theo phwong phap Coubomb

Xét nén dit sau twong gdm 2 16p dat, c6 ranh
gi6i ndm nghiéng, canh BD tao véi phuong

ngang goc B. Mdi 16p dat co cic thong sb dic
tmng yla (pla Ci Vé- y2, (PZ, C2 (Hinh 2.3).

Hinh 2.3: Ap lye dat tac dung Ién twong chdn

Dé xac dinh ap luc dit chu dong 1én tudng
chin trong truong hop ranh gidi giita hai 16p dat
nam nghiéng, st dung phuong phip cua
Coulomb, xét can bé“mg khdi truot ABC véi céc
gia thiét nhu sau:

0O Mt truot nguy hiém hinh thanh trong dat
1a mat phiang BC g véi ap luc dat 16n nhat.

0O Khdi trugt ABC 1a mot khdi cung, dat
trang thai can bang gidi han.

0 Bé qua ma sat gitr dit va tudng (& = 0),
lung tuong thang dimg.

Tu diéu kién can bﬁng khéi trugt ABC xéc
dinh duoc ap luc dat tac dung 1én tudng tng véi
mat truot a 1a E(a), 1a mot ham phuy thudc theo
bién o, 4p lyc dat cha dong E. trong Gng E, dat
gia tri 16n nhat (E, = Eqmay). Ap luc dat trong
cac truong hop dudi day s€ dugc trinh bay trong
nghién clru nay:

O Truong hop nén dat gdm co 2 16p dat roi
nim nghiéng.

O Truong hop nén dat gom c6 2 16p dit dinh
nam nghiéng.

O Truong hop nén dat co 16p dat dinh ndm
bén dudi 16p dat roi.

3. TRUONG HQP NEN PAT GOM CO 2
LOP PAT ROI NAM NGHIENG

3.1. Dy bao ap luc dét chi dong

Trén hinh 2-3, xét mit truot phing BC hop
v6i phuong ngang 1 goc o, ling thé ABC 1a &
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trang thai can bang gi¢i han. Hop luc tic dung
1én khdi truot rin ABC bang 0, ta o :

SW+R+E=0 (3-1)

Trong d6, W la trong luong cua khéi truot
ABC; R 1a phan lyc cua nén dudi mat truot 1én
khdi ABC; E 1a phan luc ciia tudng 1én khdi ABC.

Thu gon phuong trinh duoc biéu thirc ap luc
dat 1én tuong chin ung voi mit truot BC, E,

dugc xac dinh theo cong thirc sau :
B —wx—S@ze) 4
sin(90—-a +¢,)
O Néua<p
Khi d6 W = W, + W, véi Wi, W, lan lugt 1a
trong luong khéi truot rin trong pham vi 16p 1

va lop 2 , dugc xac dinh nhu sau:

w, :leBxADx;/1 :lex H Xy, =—xH*xy,x
2 2 tan 4 2 tan S (3-3)
W, :lxyzx(ABxAC—ABxAD):lxyz><H2><( L
2 2 tana tan S (3-4)
:>W=WI+W2=1><H2><( if n Yo 1
2 tanff tana tan (3-5)
Tu dosuyra:
:EazleZX( }/I + }/2 _ }/2 X .Sln(a_q)Z) (3_6)
2 tan tana tanf sin(90-a+¢,)
Pé tim cuc tri cua E(ay), giai dao ham E(o):
1 in(a —
= E/(a):_XHZ X[( 7/1 72 _ 72 ‘ SIH(a ¢2) ' (3_7)
2 tan tana tanfB  sin(90-a+¢,)
Diéu kién cuc tri khi E’(o)) = 0, twong tmg voi:
I:[( 71 + 7/2 _ 7/2 X .Sin(a_¢2) ]|=
tanf tana tanfB sin(90-a+¢@,) (3-8)
Giai phuong trinh [ = 0, c6 nghiém cuc tri trong truong hop nay la:
+
ja:_arcco;a4+a5 e (3-9)
Vi :
aq = .71_7/2 ;az=(Cos<o2+la1); a, =sin @, (3-10)
7, xsing, x tan 2
al aZ
a,=————,C080; = ———— (3-11)
) 2a,’ +a; i Ja,' +a
O Néua>p Két hop 2 truong hop c6 nghiém cia phuong

Trong luong khdi trugt ABC duge tinh toan
chi gom 1 16p dat 1, dugc dua vé gidng trudng
hop bai todn ciia Coulomb, sir dung két qua cua
Coulomb s& c6 nghiém cuc tri la:

o= 45°+% (3-12)

O Tong hop nghiém cuc tri cia E(or)

trinh E’(a) = 0 1a goc a cha dong ki hi¢u a.,
duoc xac dinh nhu sau:

(o> p)

4504+ 2
2 (3-13)

a =
tarccosa, + as

+kr (a<p)
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Thay gia tri o, vao phuong trinh ap luc dat E(a),co ap luc dat chii dong E. 14 :

2
%xtanz(% —%) (@> f)
=E. =
c 1 _ 3-14
lezx( no 'Sm(ac ?,) (@< p) (3-14)
2 tanf tana, tanf sin(90-a, +@,)

Thay H trong biéu thire trén béng chiéu su z, léy dao ham E, theo z s€ dugc cuong do cua ap luc

dat chi dong tac dung 1én tudng tai 6 sau z:

ylzxtan2(45—%) (@>p)
C}p(Z):E'(Z): . . (3-15)
x[( L T .sm(a ?,) (@< f)
tan tang tan S sin(90-a+@,)

3.2. Khao sat ap luc dit chi dong

Pé danh gi4d anh hudng cia ranh gi6i
nghiéng, tién hanh khao sit ap lyc dat trong
truong hop 2 16p dit roi ¢6 ranh gidi nghiéng
mot goc B, voi cac truong hop nhu sau:

— Truong hop 1: ¢d dinh chiéu cao tudng,
thay d6i goc nghiéng B véi cac treong hop 16p 1
t6t hon 16p 2 va 16p 1 yéu hon 16p 2, so sanh véi
ap luc dat khi nén chi co 1 1p (hodc 16p 1 hodc
16p 2).

— Trudng hop 2: ¢b dinh gbc nghiéng B, 16p
dat 2, thay d6i thong sb 16p 1 dé danh gia anh
huong 16p dat dip thém, twong tu so sanh vé6i ap
lure d4t khi nén chi ¢6 1 16p (hodc 16p 1 hodc 16p 2).

Duéi day 1a két qua tom tat so sanh vdi cac
truong hop 1 va 2.

O Truong hop 1, ¢6 dinh chiéu cao tuong
khong d6i biang 8m, thay ddi géc nghiéng P
trong trudong hop 16p 1 tét hon 16p 2, ¢ cac
thong sd ciia 2 16p dét cho trong Bang 3.1.

Biang 3.1: Thong s6 ciia 2 16p dat khio sat

Lép dat g (T/m%) j (deg)
Lép 1 1,9 30
Lép 2 1,7 25

Goc nghiéng giita 2 16p dét b thay doi tir 20°
dén 90°. Ki hiéu E» 1a ap lwc dat chu dong

trong truong hop ranh gidi hai 16p dat nim
nghiéng, E.; 1a ap luc dat chii dong trong truong
hop nén coi nhu chi la 16p dét 1 va E, 1a ap luc
dat chii dong trong truong hop nén coi nhu chi
la 16p dat 2. Két qua tinh toan dugc thé hién
trong Hinh 3.1.

Ap luc chd déng theo goc ranh gidi B

Ap Iue chi déng Ec (T/m)
=

Hinh 3.1: So sanh dp luc ddt chii dong truong
hop khao sat 1, 16p 1 tot hon 16p 2, E.;; la dp
liee dat chii ddng tinh véi 2 16p dat cé ranh gidi
nghiéng, E.; la dp hee dat chii déng coi 2 16p
dat nhuw 16p 1 va E.; la dp e dat chii dong coi
2 I6p dat nhu I6p 2

Hinh 3.1 cho thiy rang, v6i goc nghiéng b <
500, Ec12 < {Eci1, Ec2}, nhu vay trong truong hop
nay c6 thé quy vé nén cé 1 16p dé tinh toan déu
thién vé an toan du quy vé theo dia chét cua 16p
1 hay 16p 2. Véi goc nghiéng b > 50°, Ecs ¢6
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xu hudng tang va vuot qua gia tri {Eq, Ex2}, do
d6 néu lay két qua tinh toan theo E.; hodc Eg; 1a
khong an toan. Trong trudng hop nay phai ké
dén anh huong cta ranh gidi gitra hai 16p dét.

O Truong hop 1, ¢6 dinh chiéu cao tuong
khong d6i bang 8m, thay ddi géc nghiéng B
trong trudng hop 16p 2 tét hon 16p 1, ¢ cac
thong sb cua 2 16p dit duoc cho trong Bang 3.2.

Bang 3.2: Thong sb ciia 2 16p dét khao sat

Lép dit g (T/m’) j (deg)
Lop 1 1,9 30
Lop 2 2,0 32

Goc nghiéng giira 2 16p dat b thay ddi tur
20° dén 90°. Két qua khao sat dugc thé hién
trong Hinh 3.2. Két qua cho thdy ring, véi
gbéc nghiéng b < 50°, tuong tu c6 Eciz < {E.i,
Ee}, c6 thé 1dy gia tri 4p luc dat chi dong tinh
theo 1 16p dat dé tinh toan don gian; véi goc
nghiéng b > 50°, E, |, bién thién, thay d6i theo
goc nghiéng b, trong trudng hop nay can ké
dén anh huodng cia gdc nghiéng nay trong tinh
toan ap luc chu dong.

Ap luc chli déng theo géc ranh gidi
20,00
— 19,50 ' /
19,00 /
" | [ N ot b
18,00 \ 4

17,50 \\ /

17,00

Ap luc chudéng Ec T/
o

10 20 30 40 50 60 70 80 90 100

—8—Ec12 —8—Ecl Ec2

Hinh 3.2: So sanh dp lwc dat chi dong truong
hop khdo sat 1, 16p 2 t6t hon 16p 1, E.;3 la dp
liee dat chi ddng tinh véi 2 16p dat ¢ ranh gidi
nghiéng, E.; la dp hee dat chii déng coi 2 1op
dat nhuw 16p 1 va E.; la dp e dat chii ddng coi
2 16p ddt nhw I6p 2.

O Truong hop 2, cb dinh goc nghiéng p =
70°, ¢b dinh dic trung cia 16p dat 2, thay doi
thong s6 16p 1 (16p dat ddp thém). Thong sb cua
2 16p dit dugc cho trong bang dudi:

Bang 3.3: Thong s6 ciia 2 16p dat khao sat

Lép dat | g (T/m’) j (deg)
Lép 1 1,9 Thay d6i 25° dén 39°
Lop 2 1,7 25

Goc ma sat trong cia 16p 1 thay doi tir 25°
dén 39°, két qua ap luc dat chi dong duoc thé
hién trong Hinh 3.3. Két qua nay mét lan nita
cho théy c6 su khac nhau gitta E;; va E¢, Eco,
khi ¢ > 26°, Ec12 > {Ec1, Ec2} do d6 khong thé
dung quy doi vé 1 16p dat dé xac dinh ap luc dat
chu dong trong truong hop nay.

Ap lyc chl dong theo goc ranh gidi

27.000

25.000

23.000 -~

21.000 —y

19.000

Ap lye chi déng Ec (T/m)

17.000 Te

15.000

Hinh 3.3: So sdnh dp luc ddt chii dong truong
hop khao sat 2, E.;; la ap luc dat chii dong tinh
v6i 2 16p dat ¢ ranh giGi nghiéng, E.; la dp luc

ddt chi dong coi 2 16p dat nhu 16p 1 va Ee; la

dp lie dat chi déng coi 2 I6p dét nhw 16p 2.

4. TRUONG HQP NEN PAT GOM CO 2
LOP DAT DINH NAM NGHIENG

Tuong tu 4p dung phuong phap Coulomb,
xét mat truot phiang BC hop véi phwong ngang
1 goc a, lang thé ABC 1a & trang thai cin bang
gi61 han. Hop luc tdc dung 1én khdi truot rin
ABC X=0,taco:
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S>W+R+E+c=0

Trong d6, W 1a trong luong ctua khéi
trugt ABC, R 1a phan lyc cua khéi dudi 1én
khdéi ABC, E 1a phan luc cua tuong 1én khéi

ABC, c la lyc dinh. Thu(£gn phuong trinh
duogc biéu thirc ap luc dat lén tuong chin
ung voi mat trugt BC, E, dugc xac dinh
theo cong thuc sau:

E=|W+expoxSnO0te) | sn@=¢,) (4-2)
sinfla—@,) | sin(90—a+¢,)
bat :
1 2 N %) 1

a,=—xH x(———-——"2"); a,=cxHxcosp,; a.=—x H?* x 4-3

) (tanﬁ tanﬁ) 2 P s 2 & 3

a, =a,+2x(a, —a, xsing, )xcos @, ; a; =2x(a, —a, xsing,)xsing, (4-4)
- cosa, = (4-5)

a a
ds = 21 2’ 24 2
Ja,” +a \a,© +as

Nghiém cuc tri khi E> = 0, twong ung véi gia tri oo chi dong, ki hiéu o, dugc xac dinh theo
phuong trinh (4-6), va ap luc dat chu dong E. dugc xac dinh theo phwong trinh (4-7):

450+ 4 (a> f)
a, = 2 (4-6)
tarccosa, +a, tkr (@<p)
71_H2xtan2(45—ﬁ)—zcxthan(45—ﬁ (a>p)
E - 2 2 . 2 . (4-7)
|:l><H2><( W W 1 )+ ex .H Xs?n(90+(02)}< 'sm(at,—goz) (@< p)
2 tanf tanca, tan sina, sin(a, —@,) | sin(90-a, +¢,)

Thay H trong biéu thuc trén béng chiéu siu z, léy dao ham E theo z s€ duogc cuong do cua ap luc

dat cha dong tac dung lén tuong tai do sau z:

yzxtan® (45— 2y~ 2c x tan(45 - 2 (a> p)
2 2
p(2)= . 00 . ( 4-8)
ey b SNO0FQ) | sina me) o g
tan tanco, tan sina, sin(a, —¢,) | sin(90-a,+@,)

5. TRUONG HQP NEN PAT GOM CO
LOP DAT DINH BEN DUOI LOP DAT ROI
Xét mat truot phang BC hop voi phuong
ngang 1 goc a, ling thé ABC 1a & trang thai can
bang gi¢i han. Hop luc tic dung 1én khéi truot
ran ABC X = 0, phuong trinh c4n bang nhu sau :
SW+R+E+c=0 (5-1)

sin(a — @,)

Trong d6: W 1a trong luong cia khoi truot
ABC, R 1a phan luc ctia khéi duéi 1én khdi
ABC, E 1a phan lyc cia tudng 1én khdi ABC, ¢
1a lyc dinh. Thu gon phuong trinh s& dugc biéu
thirc ap luc dat 1én twong chin (mg véi mat trugt
BC, E, duoc xac dinh theo cong thirc sau :

E=| W +exBoxSmOVER) |
sin(@—p,)

(5-2)

sin(90—a +¢,)
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vl Y2
\v%
“eBC
H
E 0
R
o P

B

Hinh 5.1: Ap Iyc dat lén twong chan truong hop I6p ddt dinh nam dwéi 16p dat roi

Dat :
1 2 e V2 1
a,=—xH x(————"2"); a,=cxHxcosQ,; a,=—x H?* x 5-3
2 tan tanﬁ) 2 or G5 2 & -9
Phuong trinh tré thanh:
E=|a+ N - ?2 xtan(a — @,) (5-4)
tana sinaxsin(a —@,)

Pé tim cuc tri cua E(oy),tién hanh giai dao ham E(a):
a, =a,+2x(a, —a, xsing, )xcosp,; a; =2x(a, —a, xsing,)xsing, (5-5)

a a
aé:—l, 4 (5_6)
2 2 2 2
Ja,” +a Ja,” +a;

Két hop hai truong hop ¢6 nghiém cta phuong trinh E* = 0 13 o chit dong, ki hiéu o

- cosa, =

45%% (a>f)
a. =9, (5-7)
tarccosa, +a,
vk (a<p)

Thay gia tri o vao phuong trinh ap luc dat E(a),ap luc dat chu dong trong truong hop nay duogc
xac dinh theo cong thurc sau:

2
%xtan2(45—%) (a>p)
BT H  sin(90 i o
—x H?x( AR S— )+ x— Xs%n( 9. x '51n(a0—(/)2) (@< p)
2 tanf tana, tanpf sina, sin(a,—¢,) | sin(90-a, +¢,)

Thay H trong biéu thtrc trén bang chiéu siu z, liy dao ham E cia z dugc cudng do cua ap luc dét
chu dong tac dung lén tuong tai do sau z:

7/lzxtan2(45—%) (a>p)
< p(2)= . . (5-9)
2x[( h ¥ 1 )+ ex— 1 ><s%n(90+(p2) 8 .s1n(ac—¢)2) (@< p)
tanf tanca, tan sina, sin(a,—¢,) | sin(90-a, +¢@,)
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6. KET LUAN

Nghién ciru da xay dung duoc ap luc dat chi
dong tac dung 1én tudng chin trong trudng hop
nén gdm hai 16p co6 ranh gi6i giita cac 16p dat
nam nghiéng, st dung phuong phdp cla
Coulomb, trong cac trudng hop nén cé hai 16p
dat roi, nén c6 hai 16p dat dinh va nén c6 16p dat
roi trén 10p dat dinh, Gmg v6i cac trudong hop
khac nhau trong thuc té. Trong truong hop nén
c6 hai 16p dét roi voi ranh giéi nghiéng, két qua
khao sat cho thdy c6 su khac nhau giita Ec;, va
{Ec1, Eo}, khong thé str dung quy vé nén chi co
mot 16p dé tinh toan nhu cac phwong phap dang
ap dung thyuc té hién nay. Két qua ctia nghién
ctru ciing cho thiy c6 thé st dung phuong phap
ctia Coulomb dé mo rong ra cac trudng hop tinh
toan dac biét khac.
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PNG XU CUA MONG BE - COC CO XET PEN ANH HUONG

CUA TUONG VAY TANG HAM

LE BA VINH*", PHAM QUOC VIET ",

TO LE HUONG™
Behavior of the piled raft foundation with effects of diaphragm wall
Abstract: In designing and calculating the piled rafft foundations for
tall buildings, many calculations do not take into account the
participation of the diaphragm walls. The load-bearing capacity of the
diaphragm wall is significant when the diaphragm wall is inserted into
the hard ground. In this paper, the involvement of the diaphragm wall
system together with the piled raft foundation was analyzed and
evaluated by the PLAXIS 3D software for specific project. With the
piled raft foundation, the distribution of load on the raft is 13.48%, and
the pile group is 86.52%. When the piled raft foundation is combined
with the diaphragm wall , the percentage of load on the raft is 13.48%,
the percentage of the load on the pile group is 70.62%, and the
diaphragm wall is 15.9%. As a result, the percentage of load on the pile
group decreases by 15.9% when the piled raft foundation is combined
with the diaphragm. This shows the significant contribution of the
diaphragm wall system, which can be designed to optimize the number

of piles and save the pile foundation’s cost.

1. PAT VAN PE

Mong bé coc ngay nay duoc ap dung rat phd
bién trong cic cong trinh nha cao tang trén thé
gidi [1],[2],[3], va tuwong vay coc barrette dugc
thi cong cim sau vao trong nén dat dudi day
mong dé chin gitra 4p luc dat theo phwong
ngang xung quanh hd dao siu trong qué trinh
thi cong moéng bé coc va cac tang ham. Trong
quan niém thiét ké moéng trong cic cong trinh
nha cao tang c6 tang ham [4],[5] hién nay chi
thiét ké tuong vAy véi yéu cau chiu tai theo
phuong ngang trong qua trinh thi cong méng
ting hAm ma chua xét dén kha ning mang tai

B mén Dia Co — Nén Mong, Khoa Ky thudt Xdy
Dung, Truong Dai hoc Bach Khoa Tp. HCM

" Pai hoc Quéc gia Thanh phé Ho6 Chi Minh

o Hoc vién Cao hoc, Bo moén Pia co — Nén mong, Khoa
Ky Thuat Xay Dung, Truong Dgi hoc Bach Khoa
Tp. HCM
Tac gia lién hé: lebavinh@hcmut.edu.vn

dtng ctua tuong vay. Piéu nay co thé din dén
viéc chua tdn dung hét kha ning mang tai ding
cua tuong vay.

Trong nghién ctu nay, cidc phan tich mo
phong 3D bang phuong phap phan tir hiru han
duoc thuc hi¢én trén cong trinh cu thé. Muc dich
dé khao sat cac ing xir cia moéng bé — coc khi
c6 xét dén anh hudng cla tuong vay tang ham.

Trong bai bao nay cac phan tich, tinh toan
duoc thuc hién theo 2 truong hop:

* Truong hop 1: H¢ moéng be - coc va tuong
vay coc barrette dugc tinh toan lam viéc doc 1ap
v6i1 nhau.

* Truong hop 2: Tuong vay coc barrette co
hai chirc ning 13 chiu tai ngang do ap luc dat
xung quanh hd ddo sdu va tham gia chju tai
dirng cua cong trinh bén trén cung v41 hé mong
beé-coc. Khi d6 hé két cdu méng 13 méng beé-coc
két hop tuong vay.

12
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2. PHAN TiCH UNG XU CUA MONG
BE - COC CO XET ANH HUONG CUA
TUONG VAY TANG HAM BANG PHAN
MEM PLAXIS 3D

2.1 Toéng quan vé céng trinh

Cong trinh dugc phén tich 1a nha cao ting, c6
110 ting va 5 ting him, bé day 7m dit trén 417
coc khoan nhdi ¢6 duong kinh 1,5m dai 100m,
tuong vay day 1,5m dai 51m, ddy méng be &
cao do -31m so v&i mat dat, véi téng tinh tai va
hoat tai tdc dung 1én méng theo phuong dimg &
hinh 2 1a [ = | . Kich thudc
mit bang méng nhu hinh 1.

Nén dat gdm cac 16p : Lop 1: Dt san lap ;

Lop 2 : Bun sét, pha cat min, xam nau, chat
vira (CH); L6p 3: Sét, pha cat min dén trung
binh, mau xam den, chay dén chit vira (CH);
Lop 4: Sét pha cat min, xdm xanh nhat, cing
dén rat cang (CH); Lép 5: Sét pha it cat min,
nau vang, cimg dén rat cimg (CL); Lop 6: Sét
pha cat min, nau xam nhat, cung (CH); Lép 7:
Sét pha cat min, ndu xam nhat, cing dén rét
ctrng (CH); Lop 8: Cat min dén trung, nau vang,
chat dén rat chat (SM); Lop 9: Sét pha cat min,
ndu xam va nau nhat, xdm xanh nhat, rit chat
(CH); Lop 10: Sét pha cat min, ndu xam nhat,
cirng (CH); Lép 11: Sét pha, 1an it cat, ndu xam
nhat, rt ciing (CL); Lép 12: Cat pha, xdm nhat
nau nhat, chit dén rat chat (SM); Lép 13: Sét,
pha cat min, nadu xam nhat, cang (CH); Lop 14:
Cat pha min dén trung binh, vang niu va niu
xam nhat, rat chat (SM); Lép 15: Sét pha cat,
nau xam nhat, cting (CL); Lép 16: Cat min dén
trung binh, pha mot sO cat tho, ndu xam nhat,
chat dén rat chat (SM, SM-SP); Lop 17: Sét pha
cat min, nau xam nhat, cung (CL); Lép 18: Sét
pha cat, xdm nhat dén xam, cing (CL); Lép 19 :
Sét pha cat min dén trung, ndu xam nhat, cirng
(CH, CL); L6p 20: Cat pha min dén trung, vang
niu va niu xam nhat, rat chit (SM); Lép 21:
Sét pha it cat, nau xam nhat cing (CL); Lép 22:
Sét pha cat min, ndu xam, cung (CL); Lop 23:
Sét pha cat min dén trung, nau nhat, xdm nhat,

cing (CL); Lép 24 : Cat pha min dén trung
binh, vang nau, nau xam va nau nhat , rat cing
(SM); Lop 25 : Sét pha cat min, vang nau, cing
(CL); Lop 26 :Sét pha cat, nau xam nhat, cirng
(CL); Lép 27 :Cat min dén trung, pha it phu sa,
nau xam nhat, rat chit (SM, SM-SP); Lép 28:
Sét pha cat min, vang nau, cing (CL); Lop 29:
Sét pha mot it cat, ndu xam nhat, cung (CL);
L6p 30: Cat pha min dén trung, ndu xam va ndu
xam nhe, rat chit (SM); Lop 31: Sét pha it cat,
nau nhe xam nhe, cting (CL). Céc chi tiéu co 1y
ctia cac 16p dat nhu thé hién & bang 1 duoc sir
dung lam thong sb dau vao khi khai bao mé
hinh trong phian mém Plaxis 3D [6]. M6 hinh
cac 16p dat duoc thé hién nhu hinh 5. M6 hinh
cac phan tir coc, be, tuong viy trong phidn mém
Plaxis 3D dugc thé hién nhu hinh 6.
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Bang 1: Thong s6 cac 16p dat khai bao trong mé hinh Plaxis

Parameter Lép 1 Lép 2 Lép3 Lop 4 Léop 5 Lép 6 Lép 7
Depth (m) 1,5 3 16 19,5 22 25 26,5
Material model HS HS HS HS HS HS HS
Drainage type | Drained | Undrained | Undrained | Undrained | Undrained | Undrained | Undrained
A) (A) (A) (A) (A) (A)
Yunsat (KN/m?) 19 18 15,29 18,5 19 20,2 19,4
Yeat (KN/M’) 20 18 15,29 18,5 19 20,2 19,4
Cint 0,5 0,9 0,9 0,9 0,828 0,728 0,823
Es"' (kN/m?) 10000 16250 5292 22951 31174 22551 24285
Eoed ' (KN/m?) 10000 16250 5292 22951 31174 22551 24285
E, (kN/m%) 30000 48750 15876 68852 93522 67652 72856
Power (m) 1 0,5 0,5 0,5 0,5 0,5 0,5
Vyr (NU) 0,2 0,2 0,2 0,2 0,2 0,2 0,2
Pret (KN/m?) - - 60 125 282 300 300
Crer (KN/mY) 5 17 10,9 7,6 7,6 8 9,2
o (®) 26 11 18,8 20,2 20,2 20 19,8
Kx (m/day) |8,64E-03 | 1,58E-04 | 6,73E-04 1,58E-04 1,58E-04 | 1,16E-04 | 1,16E-04
Ky (m/day) | 8,64E-03 | 5,26E-05 | 2,24E-04 5,26E-05 5,26E-05 | 3,85E-05 | 3,85E-05
Strength Manual Manual Manual Manual Manual Manual Manual
Rinter 0,8 0,7 0,7 0,7 0,7 0,7 0,7
Bang 1: (tiép theo)
Parameter Lép 8 Lép 9 Lép 10 Lép 11 Lép 12 Lép 13 Lép 14
Depth (m) 31 35,5 41 43 49 52 58
Material model HS HS HS HS HS HS HS
Drainage type Drained Undrained | Undrained Drained Drained Drained Drained
A) (A)
Yunsat (KN/m?) 19,5 19,6 20,8 19 20 21,1 20
Veat (KN/M’) 19,5 19,6 20,8 19 20 21,1 20
Cint 0,923 0,538 0,538 0,538 0,538 0,538 0,538
Es"' (kN/m?) 31000 37529 37529 213200 54000 234000 99000
Eood “(KN/m%) | 31000 37529 37529 213200 54000 234000 99000
E, (kN/m?) 93000 112588 112588 639600 162000 702000 297000
Power (m) 1 0,5 0,5 0,5 1 0,5 1
Vyr (NU) 0,2 0,2 0,2 0,2 0.2 0,2 0,2
Par (kNN | - - : - - : :
Crer (KN/mY) 0 9,6 9,6 24,6 0 27 0
o (®) 39,49 19,1 19,1 20 38 21 35
Kx (m/day) | 8,64E-03 | 3,25E-04 | 3,25E-04 | 3,25E-04 8,064E-03 | 3,25E-04 | 8,64E-03
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Parameter Lép 8 Lép 9 Lép 10 Lép 11 Lép 12 Lép 13 Lép 14
Ky (m/day) | 8,64E-03 | 1,08E-04 | 1,08E-04 1,08E-04 8,04E-03 | 1,08E-04 | 8,64E-03
Strength Manual Manual Manual Manual Manual Manual Manual
Rinter 0,8 0,7 0,7 0,8 0,9 0,8 0,9
Bang 1: (tiép theo)
Parameter Lop 15 Lop 16 Lop 17 Lop 18 Loép 19 Lop 20 Lop 21
Depth (m) 59.5 73 74,5 76 90,7 100 104,5
Material model HS HS HS HS HS HS HS
Drainage type | Drained | Drained Drained Drained Drained Drained Drained
Yunsat (KN/m?) 20 20 20 20,9 21,6 21 21,7
Yot (KN/m’) 20 20 20 20,9 21,6 21 21,7
Cint 0,538 0,538 0,538 0,538 0,538 0,538 0,538
Es)' (KN/m®) | 494000 105000 280800 228800 436800 121500 421200
Eo.(KN/m*) | 494000 105000 280800 228800 436800 121500 421200
E, ' (KN/m®) | 1482000 | 315000 842400 686400 1310400 364500 1263600
Power (m) 0,5 1 0,5 0,5 0,5 1 0,5
Vyr (DU) 0,2 0,2 0,2 0,2 0,2 0,2 0,2
Pref (kN/mz) - - - - - - -
Crer (KN/m”) 57 324 26,4 50,4 0 48,6
¢ (%) 30 40 22 20 29 43 29
Kx (m/day) | 3,25E-04 | 8,64E-03 | 3,25E-04 | 3,25E-04 3,25E-04 | 8,64E-03 | 3,25E-04
Ky (m/day) | 1,08E-04 | 8,64E-03 | 1,08E-04 1,08E-04 1,08E-04 | 8,64E-03 | 1,08E-04
Strength Manual Manual Manual Manual Manual Manual Manual
Rinter 0,8 0,9 0,8 0,8 0,8 0,9 0,8
Bang 1: (tiép theo)
Parameter Lop 22 Lop 23 Lop 24 Lop 25 Lop 26 Lop 27 Lop 28
Depth (m) 110,5 114,5 122,5 124 125,5 136 139
Material model HS HS HS HS HS HS HS
Drainage type | Drained | Drained Drained Drained Drained Drained Drained
Yunsat (KN/m?) 21 20,3 20 21 21 21 21
Vs (KN/m’) 21 20,3 20 21 21 21 21
Cint 0,538 0,538 0,538 0,538 0,538 0,538 0,538
Es0' (kN/m%) | 400400 260000 120000 416000 457600 75000 260000
Eood “(KN/m%) | 400400 260000 120000 416000 457600 75000 260000
E,*'(kN/m® | 1201200 | 780000 360000 1248000 1372800 225000 780000
Power (m) 0,5 0,5 1 0,5 0,5 1 0,5
Vyr (DU) 0,2 0,2 0,2 0,2 0,2 0,2 0,2
Dref (kN/mz) - - - - - - -
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Parameter Lop 22 Lop 23 Lop 24 Lop 25 Lop 26 Lop 27 Lop 28
Crer (KN/m®) 46,2 30 0 48 52,8 0 30
¢ (%) 27 25 41 28 29 38 24
Kx (m/day) | 3,25E-04 | 3,25E-04 | 8,64E-03 | 3,25E-04 3,25E-04 | 8,64E-03 | 3,25E-04
Ky (m/day) | 1,08E-04 | 1,08E-04 | 8,64E-03 1,08E-04 1,08E-04 | 8,64E-03 | 1,08E-04
Strength Manual Manual Manual Manual Manual Manual Manual
Rinter 0,8 0,8 0,9 0,8 0,8 0,9 0,8
Bang 1. (tiép theo va hét)
Parameter Lép 29 Lép 30 Lép 31
Depth (m) 140,5 143,5 150
Material model HS HS HS
Drainage type Drained Drained Drained
Yunsar (KN/m?) 21 21 21
Year (KN/mM’) 21 21 21
Cint 0,538 0,538 0,538
Es" (kN/m?) 260000 75000 416000
Eoeq™ (KN/m?) 260000 75000 416000
Eo" (kN/m?) 780000 225000 1248000
Power (m) 0,5 1 0,5
Vyr (M) 0,2 0,2 0,2
Prer (KN/m?’) - - -
Crer (KN/m?) 30 0 48
o (%) 26 37 27
Kx (m/day) 3,25E-04 8,64E-03 3,25E-04
Ky (m/day) 1,08E-04 8,64E-03 1,08E-04
Strength Manual Manual Manual
Rinter 0,8 0,9 0,8

2.2. Anh huéng cia chiéu dai twong vay
dén hé moéng beé - coc

Truong hop 1, tudong vay coc barrette va be
coc lam viéc doc lap voi nhau theo phuong
dtmg nhu hinh 3.

Tach riéng hoan toan moéng bé véi hé
tuong vdy voi khoang cich nho nhét, vi hé

Hinh 3: Mé hinh phan tir tuong vdy trong
phan mém Plaxis 3D

mong nay duoc xir 1y bang Jet grouting & cao
do tai miii tuong vay nén ddy mong khong bi
day troi.
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Truong hop 2, twong vay coc barrette va be-
coc cuing lam viée déng thoi véi nhau nhu hinh 4.

Hinh 4: M6 hinh méng bé coc lién két véi
twong barrette bang Plaxis 3D

Chia cic phan tir vach va méng bé sao cho
cac diém gitra tudong va mong bé trang véi nhau.

Xem xét anh huong cua chidu dai tuong vay
dén hé méng bé — coc voi chidu dai tuong 1an
lwot 1a 51m, 61m, 71m, 81m, 91m.

Xem xét chénh d6 lin giita hai diém trén
mong be 5 ;¢ - theo hai phuong cua mong be:

S&sr=155— Sl

Sgi_r’_r’ =15, — 5.l

Trong do:

54 Sz Sp lan luot 1 d6 lan tai diém A, B, O
trén be.

Ty sb gitta d6 chénh 1an giita hai truong hop
trén dua vao Ry;rpr -

5-.5:'
Rx _ T diff-cased
dif f = SX
dif f—case 1

sY
RY _ T diff-cased
dif f = SY
dif f—case 1

Trong do:
SX
- diff—cazsl
chénh d6 lun gitra hai diém trén moéng be theo
phuong X va phuong Y cia mong bé trong
truong hop 1.
X A ¥ A \
Sr:EE_r'_f—srzsaE va sd:'ff—msaz lan luot la

va Sé’f_ff—CEj'El lén llIUt lé,

chénh d¢ lun giita hai diém trén moéng bé theo
phuong X va phuong Y cua moéng be trong
truong hop 2.

Hinh 5: Mé hinh phan tir cdc 6p ddt trong
phan mém Plaxis 3D

Hinh 6: Mé hinh cdc phan tir coc, bé, twong vay
trong phan mém Plaxis 3D

T Y
T TS B S
|

|
- ____________T_o_._______._B__?
|
JM

Hinh 7: Vi tri cac diém khdo sat lin
trén mong bé
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diém A va B (nhu vi tri trong hinh 7) cang 16n.
Dong thoi, ¢6 1an & bién cia bé cang giam dang
ké, khoang cach tir tuong dén tAm bé 16n nén d6

4.00
3.00
x% 2.00 /
=
1.00
0.00
40 60 80 100

Chigu dai tuerng (m)

Hinh 8: Sy thay déi cia dé lin léch theo
phwong X theo chiéu dai twong vdy

4.00

3.00
$2.00 /
.
o
1.00
0.00
40 60 80 100

Chigu daitutng (m)

Hinh 9: Sy thay déi cia dé lin léch theo
phuong Y theo chiéu dai tuong vay.

Két qua phan tich ¢ hinh 8 va hinh 9 cho
thy, khi chiéu dai tuong vdy cang 16n thi chénh
léch lun tai tim mong bé (diém O) so véi hai

lan tai tam beé khong thay ddi nhiéu.

h¢

Hinh 10: Phan trdm tham gia chiu tdi cia cdc

2.3. Anh hudng ciia bé day twong viy dén

mong bé-coc
69.0

=

2

o . 680

23

€2 670

L U

* m

ET 660

M .—

5E

j:% 65.0

a 0.5 1 15 2 25 3

Chiéu day tuong (m)

coc khi bé day twong thay doi

Xem xét anh huong cia bé day tuong viy
dén hé mong bé-coc véi bé day tudng vay lan
Iuot la 1m, 1,5m, 2m va 2,5m.

17.0

Phan trdm tham gia chiu
tai cla coc (%)

16.0

15.0

14.0

13.0

0.5

1 1.5 2 2.5 3
Chiéu day twong (m)

Hinh 11: Phan trdm tham gia chiu tdi cia twong
khi bé day twong thay doi

120000

Momen uén (kNm/m)

108000

96000

84000

72000

60000

0.5

1 1.5 2 2.5 3

Chiéu day tuéng (m)

Hinh 12: Momen dwong lém nhdt trong bé khi

60000

48000

36000

24000

Momen udn (kNm/m)

12000

0

bé day twong thay doi

0.5

.,/*’._*

1 1.5 2 2.5 3
Chiéu day tuwong (m)

Hinh 13: Momen dm I6n nhat trong méng bé
khi bé day twong thay doi

18

DIA KY THUAT SO 1 - 2023



125000

[
[
2]
un
o
(=]

120000

Luc cat (kN/m)

' 117500
115000
0.5 1 1.5 2 25 3

Chiéu day tuong (m)

Hinh 14: Lwc cat am I6n nhat trong méng bé

khi bé day twong thay doi
75000
— 72500
=
S
=
-4
< 70000 e o o
0
o
s
= 67500
65000
05 1 15 2 25 3

Chiu day tuwong (m)

Hinh 15: Luc cat dwong lom nhdt trong méng
be khi bé day twong thay doi

Nhu vay, trong moéng bé coc két hop tuong
vay, bé day tuong vay ciing anh huéng dén phan
chiu tai cia coc va tudong. Hinh 10 cho thiy
phan trim chiu tai cta coc giam dan khi bé day
tuong ting tir Im dén 2.5m. Ddi voi phan chiu
tai clia tuong thi ngugc lai. Véi bé day tuong
vay 1a Im c6 d0 manh 16n va do cirng ctia hé
tuong thap dan dén khi chiu tai tuong bi udn
cong lam cho kha nang chiu tai giam, khi tang
bé day tudng 1én thi d6 manh giam di cung véi
do cing tiang 1én lam cho phan chiu tai cia
tuong ting 1én. Nhung khi bé day tudng ting tir
Im dén 2.5m thi phan chiu tai ctia tudng ting
khong dang ké, chi ting 1én 2,72% (xem hinh
11) trong khi khdi lwgng, chi phi clia twong ting
nhiéu. Do d6 ting bé day twong 1én khong hiéu
qua trong viéc lam tang kha nang chiu luc theo
phuong ding cua tuong. Noi lyc trong be anh
huong khong dang ké khi bé day tuong thay doi
nhur két qua trong cac hinh 12, 13, 14 va 15.

Ngueoi phan bién: PTS, TS NGUYEN DUNG

3. KET LUAN VA KIEN NGHI

Hé tuong vay tang him co tham gia ganh tai
dtng dang ké ciia hé mong, tir d6 co thé giam sb
lwong coc hay chiéu dai coc cung véi giam thoi
gian thi cong va tbi uu chi phl xay dung nhung
van dam bao cong trinh van 6n dinh.

H¢ tuong vay tang him ciing anh huéng dén
su chénh lin gitra diém ngoai bién va tim méng
be, trong truong hop bai toan trén hé tuong vay
lam tang do lun gitra cac diém trén mong be, do
d6 can xem xét yéu t6 nay khi thiét ké.

Bé day twong vdy qua manh lam cho kha
ning tiép nhan tai trong dirng cla tudng ciing bi
han ché. Nhung bé day tuong vay qua day ciing
lam cho hé mong ganh thém tai va lam tang chi
phi nhung kha nang chiu tai trong ding ctua
tuong tang 1én khong dang ké.

Dé xem xét anh huéng qua lai giua tuong vay va
mong be-coc nén dung cac phan mém chuyén dung
dé xét day du cac yéu t6 trén nhu Plaxis 3D.

Loicam on

Chung toi xin cam on Truong Dai hoc Bach
Khoa, PHOG-HCM da hé tro cho nghién ciru nay.
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U’NG DUNG PHUONG PHAP KHONG LU0l SPH TRONG
BAI TOAN TUONG TAC DAT NEN — ONG NGAM

1. PAT VAN PE

NGUYEN TRUNG KIEN ™

LE BA VINH"
LE TRONG NGHIA™"

Application of mesh-free method SPH in the analysis of soil-buried
pipe interaction

Abstract: Buried pipeline networks are the important infrastructures in
the transportation of water, gas, and oil to residents and businesses of
urban centers. These structures are buried underground and
susceptible to damage caused by soil movement. Conventionally, the
finite element method (FEM) is used to analyse the interaction between
pipeline and surrounding soil. However, in many cases of geohazards,
the soil experiences large displacements and cannot be robustly
modeled by this widely-used approach. This paper proposes an
application of the Smoothed Particle Hydrodynamics (SPH) approach
to analyze the soil-buried pipeline interaction, which is applicable to
scenarios of large soil displacements. The results from SPH simulation
agree well with the experimental data, and are superior to FEM in
predicting the failure surface of the soil.

Keywords: SPH, FEM, soil- pipe interaction, hybrid approach.

nhién, trong cac truong hop chuyén vi 16n cua

Hé théng dudng dng ngdm 1a mot két cu ha
tang quan trong trong cac du an xay dung, véi
nhiém vu van chuyén nudc, khi dét dén cac khu
vuc dan cu va thuong mai [1]. Cac dudng 6ng
ngﬁm duogc chon dudi dat va chiu tac dong truc
tiép tir chuyén vi cta dat nén. Do d6 viéc nghién
ctru twong tac gitta dat nén - 6ng ngdm 13 rat can
thiét nhdm dam bao an toan, 6n dinh cho két ciu
trong qua trinh thiét ké, thi cong, van hanh va
bao dudng.

Phuong phap phan t& hiru han (Finite
element method FEM) dugc st dung rat rong rai
dé phan tich bai toan tuong tac nay [2-5]. Tuy

Bé mén Pia co — Nén méng, khoa Ky thudt Xay dung,
Truong Dai hoc Bach khoa Tp.HCM
" Pai hoc Quéc gia thanh phé H6 Chi Minh
Tac gia lién hé: nguyentrungkien@hcmut.edu.vn
(Nguyén Trung Kién)

dat nén, viéc mo phong nén dat bang ludi phan
tir gip bat loi 1on. Cac phan tir s& bi bién dang
(x0dn) & muc d6 16n, va giy ra sai sd dang ké
khi phan tich tinh todn.

Dé khéc phuc han ché cua phwong phap FEM
khi mé phong cac bai todn chuyén vi 16n, cic
phuong phdp khong ludi duge ap dung. Bai bao
nay s€ trinh bay Ung dung cua phuong phap
Thay dong luc hoc hat min (Smoothed Particle
Hydrodynamics - SPH) trong viéc phan tich
tuong tac dat nén - dng ngam véi chuyén vi 16n
cia nén dat. Két qua phan tich bang phuong
phidp SPH s& dugc so sanh véi két qua tir
phuong phiap FEM. Péng thoi, két qua tir
phuong phap SPH ciing s& duoc so sanh véi két
qua quan trac thyc té, tir d6 danh gia duoc do tin
cay cua bai toan mo phong.

20
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2. CAC PHUONG PHAP PHAN TiCH
BAI TOAN TUONG TAC DAT NEN -
ONG NGAM

2.1. Phwong phap Thiy dong luwc hoc hat
min [6]

Phuong phap SPH la phuong phép khong
luoi dang hat, dga vao cong thirc Lagrangian.
Mién khao sat duge roi rac hoa thanh tap hop
ctia cac hat roi rac khong lién két voi nhau. Céc
hat nay chita cic thong tin ciia vat liéu va thé
hién trang thai ciia mién khao sat (v.d, khi
lugng riéng va van téc). Cac hat s€ van dong
tuan theo cac dinh luat bao toan khéi luong,
dong luong, va nang luong.

Y tudng chinh cua phuwong phap SPH 1a thé
hién cac dai luong (v.d, khdi lwong, dong luong,
nang lugng) dudi dang tich phan (kernel
approximation); sau do cic dai lugng nay va
dao ham cua chung tai mot diém duoc tinh toan
xdp xi théng qua cic hat trong ving lan can
(particle approximation). Ham s6 ctia mot dai
lwong vat 1y duoc thé hién duéi dang tich phan
nhu sau:

FG) =] f (XYW (x=x',h)dx (1)

Trong d6: f(x) la ham cua dai luong vat 1y,
W1a ham 15i (kernel function), % 1 chiéu dai
thé hién viing anh hudéng ciia ham 168i, x va x'
1a vi tri khong gian. Sau d6, viéc xap xi ham sb
va dao ham dugc tinh todn thong qua cac cong

thire (2) va (3):
f(xi): A ﬂf(xj)VVl] (2
Vf(xi):_z%f(xj)'vw/;j (3)

Trong do: x; va x; la vi tri caa hat i va j,
V 1a toan tir dao ham (gradient), mla khéi
luong cia hat, pla khoi luong riéng cua hat,
W,=W,-W,, N latong so hat ndm trong ving
anh huong cia hat 7.

Sau cung, st dung cac cong thirc xap xi (2)
va (3), cac phuong trinh bao toan khéi luong,

dong luong, va ning luong dugc viét lai ¢ dang
vi phan toan phan nhu sau:

d M

L =Ny -y \V

) Yl VR ALl

d u o, O,

Ly =N m |2y, 4
it ;m-f(p,-2+ﬂfj ' @
d 2 o,

P =;p—i2mj(vj v, )VH,

Trong do6: v 1a van tbc cua hat, o 1a tensor
g suit cta hat, va e 1a ning luong cua hat.

Vé ban chit, SPH 1a phuong phap khong
ludi, do d6 khong c6 sai s6 do ludi phan tir hiru
han bi bién dang nhu trong truong hop cua
phuong phap FEM.

Mien kbdn sit duge thé hign
bang cac hat véi rac (particles) oo
1)

f —.,
@ ea}\

Vimg anh huong cha hat ¢
vl ban kinh anh hudng ED

Hinh 1: Roi rac héa mién khao sdt trong
phuong phap SPH.

2.2. Phwong phap Phin tir hiru han

Phuong phap FEM duoc sir dung rat rong réi
trong cac phan mém thwong mai nhu Plaxis,
Etabs, LsDyna, Ansys, Abaqus. Poc gia mudn
tim hiéu thém vé phuwong phap nay co thé tim
doc thém trong cac tai liéu hudng dan sir dung
ctia cac phan mém ké trén.

2.3. Phuong phap hén hop

Phuong phap SPH rat hiéu qua trong viéc mo
phong chuyén vi 16n ctia nén dit. Tuy nhién
phuong phap nay yéu cau xac dinh tt ca cac hat
nim trong ving anh huéng cua hat i, véi i
chay tir 1 dén N . Qua trinh tinh toan nay dién
ra trong ting budc giai (time step), khién cho
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viéc khdi luong tinh toan nhidu va toc do giai
quyét bai toan chdm. Phwong phap FEM thi
nguoc lai, khdi lwong tinh toan it hon, toc do
nhanh hon, nhung khong phu hop véi cac bai
toan chuyén vi 16n. Do d6, phwong phap hon
hop dugc hinh thanh, nham tan dung uvu diém
cta ting phuong phap riéng 1é. O mién chuyén
vi nho, FEM sé& duoc st dung dé mo phong, va
& khu vuc chuyén vi 16n, SPH duoc ding dé roi
rac hoa mién khéo sat.

3. PHAN TICH TUONG TAC DAT
NEN - ONG NGAM

Trautmann [7] tién hanh thi nghiém twong
tac ngang giita dat nén - 6ng ngam trong diéu
kién dit nén la cat kho, roi, chat vira, va chat.
Thi nghiém khao sat cho cac truong hop
H/D={.5+13}, trong d6 H la chiéu sau tinh
dén tam 6ng ngam, D la duong kinh 6ng ngam.
Bai bao nay diung s liéu cia thi nghiém sé 20
dé so sanh voi két qua md phong. Trong thi
nghiém d6, duong kinh éng ngdm 14 102 mm,
H/D=55, éng ngdm duoc day di chuyén
ngang trong cat Cornell kho, roi, véi dung trong
riéng kho y, =14.8 kN/m’.

Bai toan duoc phén tich bang 2 phuong phéap:
(i) nén dat duoc mo phong hoan toan bang phan
tir hitu han (sau day goi la phuong phap FEM),
va (ii) nén dat gan 6ng ngdm duoc md phong
bang cic hat SPH va nén dat phia ngoai dugc
mo phong bang phan tir hitu han FEM (sau day
goi 1a phuong phap SPH).

3.1. M6 hinh theo phwong phap FEM

Thi nghiém dugc mo6 phong va phan tich voi
phan mém 3D LS-DYNA. Ong ngam duoc xem
1a ctrng hon nhiéu so voi dat nén xung quanh, va
mo phong nhu 1a vat liéu cing tuyét ddi. Dat
nén dugc mo phong bang phan tir tir giac, ing
xtr theo mo hinh dan hdi — déo 1y tudong véi mit
pha hoai Mohr — Coulomb. Véi dat cat roi, goc
gian no i = 0. Goc ndi ma sat cho bai toan bién
dang phang ¢'=38.6"[8]. Luc dinh rit nho
c'=0.1 kPa dugc thém vao nham ting tinh 6n

dinh cia mo6 hinh s6. Mat tiép xtc (interface)
gitta dit nén va Ong ngdm dugc chon la
“automatic surface-to-surface”, cho phép su
tach roi va sy truot giita bé mat dng ngam va dat
nén xung quanh. Ma sat gitta dng ngdm va dat
duge gia thiét tudn theo dinh ludt ma st
Coulomb, v61 gbéc ma sat lay bang 0.6¢' [7]. HE
s6 Poisson 1a 0.3. Sy bién thién cia module
Young theo dd siu liy theo cong thirc cia
O’Rourke [9]: E =2x10""(y,02"")"7véi
o, laing suat theo phuong dung tai tim 6ng
ngdm. Module Young ting tuyén tinh theo d6
sau, voi muc tang la 1040 kPa/m, thé hién anh
hudng cta ing suat ban than dat nén.

M0 hinh FEM va c4c diéu kién bién cia bai
toan dugc thé hién trén hinh 2. Viéc md phong
duoc tién hanh theo hai budc: (i) Phan tich mo
hinh chiu tac dung cua tai trong ban than dat
va 6ng ngam , va (ii) Ong ngam duoc ap
chuyén vi va di chuyén theo phuong ngang
trong dat nén.

3.2. M6 hinh theo phwong phap SPH

Khu vuc dit nén xung quanh 6ng ngam
dugc md phong bang cac hat SPH roi rac.
Trong khi d6, dit nén phia ngoai dugc méd
phong bang phan tir FEM, nhu trong hinh 3.
Tai mit tiép xtc (interfaces) giita hat dit SPH
va tir giac ¢4t FEM, tuong tac “tied-nodes-to-
surface-constrained-offset” duogc s dung
nham dam bao diéu kién twong thich, chuyén
vi cua hat SPH tuong thich vdi chuyén Vi cua
cac nut FEM.

Miat tiép xuc gitra dng ngdm va cac hat dét
SPH duoc
“automatic-nodes-to-surface”, cho phép su tach

md phong bing twong tic

rdi va truot cua cac hat SPH so voi dng ngam.
Ma sat tuan ’theq dinh luat ma sat Coulomb, voi
gboc ma sat lay bang 0.6¢'.

Ham 161 W duogc chon 1a ham cubic B-spline,
dugc st dung phd bién trong phuong phap SPH,
dugc xac dinh theo cong thirc:
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1—§R2+§R3 0<R<l1
2 4
Wt l(2—R)3 1<R<2 (5)
h’ |4 h
0 R>2

Trong d6, R=d,/h, voi d; 1a khoang cach
gitra hai hat SPH.

1.2m .8m I 2m
“Luci phin iy 46mm Lan phitn tr 40mm

tfmg ngfim
chuyén vi tir
trai qua phai

§358m
(330 7R

13w M4
(13.20)

Hinh 2: Mo hinh bai toan voi phuong phap FEM

L2m-FEM 0.5m-3PH 1.2m-FEM
L phia tr40nm Khoang aich hyt d=6 7mm Lud phin tr 40mm

033
{350y ¢

3%,
(1320

Hinh 4: Ung sudt theo phwong ngang o,
khi phan tich bang FEM va SPH

Hing s6 k ap dung cho ban kinh ving anh
huong 1 1.2. Poc gia c6 thé tim hiéu thém vé
phuong phap SPH thong qua tai liéu [10].

T
T T

T
1

Hinh 5: Chuyén vi theo phirong ngang u_ khi
phan tich bang FEM va SPH

1683) [kg mm s mN KF:

Hinh 6: Bién dang déo hitu hiéu khi phan tich
bang FEM va SPH

4. PHAN TICH KET QUA

Két qua mo phong bang phuong phap FEM
va SPH dugc so sanh v&i nhau. Hinh 4 thé hién
truong Ung suit theo phuong ngang o khi
dng ngdm chuyén vi ngang twrong ddi so voi dit
nén. Vung dit nén phia sau theo hudng di
chuyén cia 6ng ngdm (ving bén phai ng)
chinh 12 viing bi anh hudng nhiéu nhat, thé hién
qua sy gia tang ap luc ngang. Hinh dang vung
anh huong (xap xi 5.5D x 3D) va ap luc ngang
16n nhit (o =—127kPa) cua 2 phuong

phap phan tich 12 phu hgp v6i nhau. Hinh 5 thé
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hién trudng chuyén vi theo phuong ngang u_,
va két qua cta 2 phuong phap phan tich kha
twong dong, voi chuyén vi 16n nhat
U, o =7-3cm . Hinh 6 trinh bay két qua cua
bién dang déo hiru hi¢u, va do d6 chi 6 xu
huéng pha hoai trong dit nén. R4t nhiéu két qua
nghién ctru da chi rd xu huéng hinh thanh mat
phéa hoai ctia dat nén, theo d6 mit pha hoai s& c6
dang ném (wedge failure) néu do sdu chon ong
nho, va dang vong quanh (flow-around) néu do
sau chon 6ng 1én [11]. V6i d6 sau choén bng
trung binh H/D=5.5, két qua cia phuong
phap SPH cho thiy r& xu hudng xuét hién cua
ca 2 dang pha hoai. Trong phuong phap FEM,
su bién dang/xodn 16n (distortion) cta cac phan
tir tir giac 1an can 6ng ngdm da khién cho két

qué tinh toan khong dat do tin cy can thiét, va
xu huéng cua mit pha hoai khong xuét hién
chinh x4c.

Mot mo6 hinh SPH twong tu dugc xay dung
dé moé phong truong hop H/D=1.5. Véi
truong hop do sau chén 6ng ngam nho nay, theo
cac két qua nghién ctru trudc day, mat phé hoai
duogc du doan la c6 dang ném [11]. Hinh 7 thé
hién bién dang déo hitu hiéu ¢ cac thoi diém
khac nhau. Ta nhén thay rd xu hudng phat trién
mat pha hoai hinh ném trong dat nén. Mot diéu
dang luu y 1a phuong phap SPH c6 kha nang mo

phong “dong chay” cua cac hat dit mot cach
hiéu qua. Ving tréng phia sau dng ngdm nhanh
chong dugc 1ap day boi cac hat dat SPH. Pay la
uu diém chinh ciia SPH so v6i FEM.

Hinh 7: Bién dang déo hitu hiéu ¢ cdc thoi diém t=9.3 gidy, 19.6 gidy, va 24.6 gidy
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Két qua dang tin cdy ctia phuong phap SPH
duogc kiém chtng khi so sanh véi dir lidu thi
nghiém thuc té. Hinh 8 biéu dién mdi quan hé¢
gif{a phan luc ngang clia dit tac dung lén Cf)ng
ngam F_ va chuyén vi ngang u_ cua Ong
ngam. Két qua ciia phuwong phap SPH phu hop
v6i két qua thi nghiém thuc té cua Trautmann
[7]. Luu y 1a két qua cua phuong phap FEM
cling phu hop, ly do 1a vi phan lgyc ngang cua
dat nén cha yéu dén tir ving dit nén phia sau
theo hudng di chuyén ciia 6ng ngdm (ving
bén phai ong). Tuy nhién néu sau dé ong
ngam dao chiéu chuyén vi, két qua cua
phuong phap FEM s& khong con déng tin cdy
nita, do cic phan tir t& gidc md phong dat bén
trai dng bi bién dang (distorted) 16n.

10 Loose, H/D = 5.5
=
Q ;"
T ¢
E 5 ‘9

B ° Test 20
= FEM
————— SPH
0 N N
0 0.2 0.4 0.6
u /D

Hinh 8: Puong cong lwc - chuyén vi

5. KET LUAN

Bai bao trinh bay trng dung cua phuong phap
khong ludi SPH trong bai toan phan tich tuong
tac gitra dat nén - 6ng ngam. Mot s6 két luan
duoc rat ra tir bai todn mo phong:

(i) Ving anh huong ciia dat nén phia sau dng
ngam (xép xi 5.5D x 3D), 4p luc ngang 16n nhat
trong dat (o, .. =—127kPa), va truong

chuyén vi ngang cia dit (u =7.3cm) xac

dinh bang phuong phap SPH dat duoc do tin
cdy cao, pht hop voi két qua FEM.

(i) Khi xét dén xu huéng pha hoai trong
nén dat, phuong phap SPH c6 kha ning mé
phong duoc cac dang pha hoai cua dat nén
(dang ném, dang vong quanh), thé hién rd wu
diém ciia SPH trong viéc md phong chuyén vi
16n so vé1 FEM.

(iii) Phuong phap SPH cho két qua dang tin
ciy vé dudng cong quan hé giita phan luc dit
nén va chuyén vi 6ng ngém, dat duoc do phu
hop cao véi két qua thi nghiém thyc té.

Loi cam on
Chung toi xin cam on Truong Bai hoc Badch
Khoa, PHOG Tp.HCM di hé tro thoi gian,

phuong tién va co so vat chat cho nghién curu nay.
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PHUONG PHAP BDANH GIA SU'C CHIU TAICQC EP TU
KET QUA NEN TINH TAI HIEN TRUONG

NGUYEN NGQC THANG"

The method for evaluating the load-bearing capacity of piles based on
axial static compression test results in field conditions

Abstract: Determining the load-bearing capacity of reinforced concrete
pile by using the static axial compression test method is a reliable
approach, allowing for the verification of load-bearing capacity
calculation methods based on theory, and thus selecting the most accurate
load-bearing capacity value of the pile. This method is suitable for the
practical working model of the pile and soil, resulting in a highly reliable
evaluation of the load-bearing capacity of the pile. However, this method
still has some issues, such as the quantification of displacement at the pile
head corresponding to ultimate load is only a convention, or the axial
compression load, Pu,, is designated as 1.5-2 times the design load-
bearing capacity, Py, while the value of Py depends on the theoretical
calculation method of the pile's load-bearing capacity, geotechnical
conditions, and pile depth, resulting in different errors in the obtained
results. This article is based on the results of static axial compression tests
on piles conducted at some construction sites in weak soil areas in Ho Chi
Minh City to compare and evaluate with the load-bearing capacity values
calculated from various theoretical methods in TCVN 10304:2014.

Keywords: Pile, static compression tests, load-bearing capacity, design

load-bearing capacity.

1. PAT VAN PE

Phuong an moéng coc dugc lya chon thiét
ké cho hau hét cac cong trinh dan dung va
cong nghiép c6 tai trong 16n trén nén dat yéu,
dic biét & khu vuc Pong bang séng Ciru Long
trong d6 c6 Thanh phé H6 Chi Minh. Tai
trong cong trinh qua coc truyén xudng cac 16p
dat tét bén dudi qua stc chiu tai dau mii va
ma sat bén giita coc va dat. Sb lidu tinh toan
thiét ké mong coc chu yéu 1a cac dic trung co
ly dugc xac dinh tu thi nghiém trong phong
hodc cac két qua thi nghiém hién truong va

" Khoa Céng trinh, Trueong Pai hoc Thiiy lpi
175 Tdy Son, Pong Pa, Ha Nji

gia tri tai trong phan bén trén cong trinh
truyén xudng. Tinh toan thiét ké coc khoan
nhoi duoc chi ddn kha cu thé, chi tiét va tuong
minh trong tiéu chuan Viét Nam TCVN 10304
: 2014 [7] va cac chi dan thiét ké. Tuy nhién,
tinh chinh x4c cia két qua tinh toan thiét ké
khong chi phu thudc vao cac thong sd dat nén
duoc cung cap ma con phu thudc vao phuong
an thi cong ciling nhu cac ting xtr phuc tap cua
dét nén.

Dé danh gia chinh xac kha ning chiu tai cta
coc, sau khi thi cong céc thi nghiém hi¢n truong
duoc tién hanh kiém tra. Két qua thi nghiém s&
1a co s& dé danh gia suc chiu tai coc, tur d6 chon
duge sirc chiu tai cua coc sat véi diéu kién tinh
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toan va lam viéc thuc té can duoc thi nghiém
kiém tra,. Hién nay, phuong phap thi nghiém
coc duoc nghién ctru va tng dung phd bién, bao
gém thi nghiém nén tinh, thi nghiém dong va thi
nghi¢m thur tinh dong. Viéc thir tai coc co hai
muc dich chinh: 1) Pam bao ring coc duoc
kiém tra c6 kha nang chiu dugc luc thang ding
(d6i khi c6 thé 1a luc ngang) theo tai trong thiét
ké; 2) Xac dinh cac thong tin chi tiét vé kha
nang chiu lyc ma sat thanh bén va kha nang chiu
luc ctua day coc [1-4].

Phuong phap thir téi trong tinh truyén thong
1a phwong phap truc tiép xac dinh stc chiu tai
clia coc, thuc chét 1a xem xét ung xu cua coc
(do lin) trong diéu kién coc lam viéc nhu thuc
té dudi tai trong cong trinh. Phwong phap nay sir
dung hé théng coc neo hodc dung cac vat nang
chit phia trén dinh coc 1a ddi trong dé gia tai
nén coc. Trong thi nghiém nay, coc dugc gia tai
theo timg cap dén tai trong thuong bang 1,5- 2,0
lan tai trong thiét ké. Cép tai sau duoc tac dung
khi do lan & clp tai trudc dd 6n dinh. Duya trén
quan h¢ tai trong-d0 lan, strc chiu tai cua coc
duoc xac dinh véi mot hé sb an toan xac dinh
boi thiét ké [8]. Hién nay phuong phép nay van
dugc coi la phuong phap c6 do chinh xac cao
nhit. G Viét Nam hién nay phuong phéap thi
nghi¢m nén tinh da tré nén quen thudc va dugc
str dung kha pho bién.

2. THi NGHIEM NEN TiNH XAC PINH
SUC CHIU TAI CQC

2.1. Phuong phap gia tai bang tai trong tinh

a) Tong quan chung

Day 1a phwong phap thi nghiém kinh dién va
duoc xem 1a phuwong phap dang tin cay nhat dé
kiém tra kha nang chiu tai cia coc, dugc ap
dung rong rai ¢ Viét Nam. Thi nghiém dugc
thuc hién béng cac tac dung luc kéo nén ( luc
nhé ) hodc luc ngang ( luc vudng goc) véi truc
coc. Trong hau hét cic tiéu chuin thi nghiém
coc hién nay déu dé cap dén 2 quy trinh nén tinh
chii yéu: Phuong phap tai trong khong doi
(Maintained load, ML) va phuong phap toc do

dich chuyén khong d6i (Constant rate of
penetration, CRP) [3, 8].

Quy trinh nén chdm véi tai trong khong doi,
cho phép danh gia dong thoi kha ning chiu tai
va do lin cia coc theo thoi gian. Nhuoc diém
quy trinh nay 1a doi hoi nhiéu thoi gian c6 thé
kéo dai nhidu ngay. Quy trinh CRP duoc thyuc
hién nhim muc dich duy nhat 1a danh gia kha
nang chiu tai giéi han cua coc, uu diém cua quy
trinh nay 1a rat nhanh chi tir 3 — 5 phut. Ngoai ra
con mot sd quy trinh thi nghiém nhanh véi tai
khong d6i quy trinh nay chi giéi han thoi gian
gia tai & mdi cAp khong dit ra yéu cau vé do lun
quy udc; quy trinh thi nghiém cin bang 1a bién
thé ctia quy trinh ML cho phép giam thoi gian
thi nghiém véi bi¢n phap nay coc nhanh chéng
dat t6i trang thai on dinh.

- . . S

s bl B L o e e ._.rl_}_Lﬂ'll L e Dl S S L S
TR i}

(2000
ik

Hinh 1: Hién truong gia tai thi nghiém
nén tinh coc

So dd Hién truong gia tai thi nghiém nén tinh
coc duoc thé hién nhu trén 1. Tai trong thi
nghiém duogc cung cap bdi cac kich thuy luc.
Céc kich thuy luc nay duge bd tri trén coc thi
nghiém va & duéi dim ngang. Khi kich hoat
dong truyén tai trong nén xudng coc thir dong
thot truyén tai trong 1én dam ngang tao mdt luc
nhé 1én cac coc phan Iyc. Khi thyc hién thi
nghiém @ng suit duoc truyén tir coc phan lyuc
xudng dat d4, cic ung suat nay co thé gay anh
huong dén su 1am viéc cua coc thi nghiém. Vi
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thé coc phan luc nén dat du xa coc thur dé giam
thiéu anh hudng nay. Mot phuong phap khac dé
tao phan luc 1én coc thi nghi¢ém la dung hé neo
cuong do cao (high-strength anchors). Goéc
nghiéng va chiéu dai cia neo phai dugc tinh
toan sao cho viing truyén luc ctia cic neo la du
xa coc thi nghiém [9].

TCVN 9393:2012 Coc - Phuong phap thu
nghiém hién truong bang tai trong tinh ép doc
truc dugc chuyén doi tr TCXDVN 269:2002
[8], Tiéu chudn nay quy dinh phwong phép thi
nghiém hién trudng bang tai trong tinh doc truc
ap dung cho coc don thang ding, coc don xién,
khong phu thudc kich thude va phuong phap thi
cong (dong, ép, khoan tha, khoan dan, khoan
nhoi...) trong cic cong trinh xdy dung. Tiéu
chuan khong ap dung cho thi nghiém coc tre,
coc cat va try vat li¢u roi1. Thi nghiém coc béng
phuong phap tai trong tinh ép doc truc (sau day
goi la thi nghiém nén tinh coc) cé thé duoc thuc
hién & giai doan: tham do thiét ké va kiém tra
chit lvgng cong trinh.

Thi nghiém nén tinh coc ¢ giai doan tham do
thiét ké (sau day goi 1a thi nghiém thim do):
Tién hanh truge khi thi cong coc dai tra nham
xac dinh cac s lidu can thiét ké vé cuong do,
bién dang va mdi quan hé tai trong - chuyén vi
clia coc lam co so cho thiét ké hodc diéu chinh
tinh toan thiét ké, chon thiét bi va cong nghé thi
cong coc phu hop. Luu ¥ trong trudng hop biét
r6 diéu kién dat nén va c6 kinh nghiém thiét ké
coc khu vyc 1an can thi khong nhat thiét phai
tién hanh thi nghiém tham do.

Thi nghiém nén tinh coc & giai doan kiém
tra chat lugng cong trinh (sau day goi la thi
nghiém kiém tra): Tién hanh trong thoi gian
thi cong hodc sau khi thi cong xong coc nham
kiém tra strc chiu tai cia coc theo thiét ké va
chit luong thi cong coc. Coc thi nghiém tham
do thuong duogc thi cong riéng biét ngoai
pham vi mong cong trinh. Coc thi nghiém
kiém tra dugc chon trong sb cac coc cla mong
cong trinh.

Mot sd cac phwong phap thi nghiém thir tinh
coc phan loai theo phuong phap gia tai thi
nghi¢ém: Phuong phap thir tai duy tri cham
(SM); Phuong phép thir tai duy tri nhanh (QM);
Phuong phap thir tai v6i tbe dd xuyén khong ddi
(CRP); Phuong phap thi nghiém theo chu ky
ctua Thuy Pién (SC).

b) Phwong phap thw tai duy tri cham (OM):
Phuong phéap thir tai duy tri cham gdm céc buéc
nhu sau:

Qua trinh gia tai coc chia thanh 8 budc voi
cac cAp tai bang nhau dat dén 200% tai trong
thiét ké, cac bude gia tai nhu sau: 25%, 50%,
75%, 100%, 125%, 150%, 175% va 200%.

Duy tri cac cip tai trong téi khi téc do lin
coc giam téi 0,25mm/h nhung ciing khong kéo
dai qua 2 gio.

Duy tri cap tai 200% trong 24 gio.

Sau thoi gian duy tri yéu cdu lai giam tai
ting cAp voi bién do 20% va mdi cap tai dugc
duy tri 1 gio.

Sau khi ting tai va giam tai lai tiép tuc ting
tai va giam tai nhu trén téi 1,5 1an tai trong thiét
ké va mdi cip giir trong thoi gian 20 phit.

Sau d6 lai ting tai véi mdi bude 1a 10% tai
trong thiét ké cho t6i khi pha hoai va mdi cap
gitta tai trong thoi gian 20 phut.

Nhan xét: Phuong phép thi nghiém gia tai
cham dugc xem 1a phuong phap phd bién trong
viéc khao sat hi¢n truong trudc thi cong coc dai
tra. Tuy nhién nhuoc diém ciia phuong phép 1a
thoi gian thi nghiém kéo dai cho cac cip gia tai
va giam tai, trung binh tir 40 dén 70 gio hodc
trong nhiéu truong hop phai kéo dai hon khi téc
d6 phat trién bién dang nho.

¢) Phwong phap thw tai duy tri nhanh (OM):
chi dan phuong phép thi nghiém nay gom:

Tai trong tac dung lén coc duoc tang theo 20
budc va ting dén 300% tai trong thiét ké (mdi
cap tai ting bang 20% tai trong thiét ké).

Giit cap tai trong trong 5 phat dong thoi cir
2,5 phut doc s6 liéu 1 lan.

Dung kich dé bo sung tai nhim duy tri duoc
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mirc tai thi nghiém hodc phai ting bd sung dat
dén murc tai thi nghiém.

Sau khoang 5 phut khi dat dugc tai trong thi
nghiém ta giam tai chia thanh bén cip bang
nhau, mdi cip duy tri 5 phit.

Nhan xét: Phuong phap thi nghiém gia tai
nhanh rat ngin thoi gian thi ngiém nén dat hiéu
qua kinh té, thoi gian tién hanh thi nghiém trung
binh tir 3 dén 5 gio. Tuy nhién phuong phép thi
nghiém nay gan nhu 1a phuong phap thi nghiém
khong thoat nudc, nén khong dung dé danh gia
d6 lan coc.

¢) Phwong phdp thi nghiém véi toc do
xuyén khéng déi (CRP): Phuong phap nay
gdm céc budc:

Luc tac dung lén dau coc dé co do lun 1,25
mm/pht.

Gia tri lyc tac dung voi toc do xuyén trén
duoc ghi lai theo tirng cép tai.

Thi nghiém dugc tién hanh dén khi xac dinh
dd xuyén ciia coc trong nén tong cong dat tir 50
dén 75mm.

Nhan xét: Uu diém caa phuwong phap nay
1a thoi gian nhanh, trung binh tir 2 dén 3 gio
cho mot thi nghiém va kinh té. Phwong phap
nay cé gia tri dic biét phu hop dbi vai tinh
toan coc huy dong strc chiu tai ma sat nhung
khong thé dung cho coc chdng. Trong truong

hop xuyén qua tang dat cing cin xac dinh
luc xuyén tuong ung dé c6 bién phap gia tai
phu hop.

d) Phuong phap thi nghiém theo chu ky Thuy
Pién (SC): phwong phap nay gdm cac budc thi
nghi¢ém nhu sau:

Tai trong tac dung 1én coc ldy bang 1/3 tai
trong thiét ké.

D& tai con 1/6 tai trong thiét ké, 1ap lai quy
trinh gia tai va do tai 20 lan.

Tang cip gia tai cao hon 50% so véi cp
trude & bude 1, sau do lap lai bude 2.

Quy trinh thi nghiém tiép tuc cho dén khi dat
phé hoai.

Nhan xét: Phuong phap thi nghiém téi pha
hoai nay tén thoi gian va ing xtr cta coc chiu
thay ddi theo chu ky s& khic véi Gmg xtr coc
nguyén. Phuong phap nay st dung cho céc du
an c6 tai trong thay ddi theo chu ky. Trong
phuong phap nay coc thi nghiém dugc xem la
pha hoai khi: Tong chuyén vi ddu coc vuot qua
10% duong kinh hoac canh coc vuong; Coc bi
lan lién tuc khi khong thay d6i ting cap tai; Vat
liéu coc bi pha hoai.

Hinh 2 duéi ddy minh hoa b tri ddng hd do
luc (thong qua ap lyc dau trong pittong cla
kich) va ddng hd do chuyén vi trong thi nghiém
nén tinh.

Hinh 2: Minh hoa thiét bi do luc va dé‘ng ho chuyén Vi thi nghiém nén tinh coc
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2.2. Panh gia sire chiu tii coc tir két qua
thi nghiém nén tinh

a) Tong quan chung

Phén tich két qua thi nghiém c6 y nghia hét
sttc quan trong dén viéc danh gia coc sau thi
nghiém. Cac phuong phap phan tich danh gia
duoc st dung dya trén tai trong pha hoai cuc
han cta coc, & cac tiéu chuin va chi dan thiét
ké khac nhau ciing c6 nhitng quy dinh riéng,
phu thudc vao quy md, sd luong coc, kinh
nghiém thuc té dé 4p dung. Tai trong pha hoai
cuc han cua coc 1a tai trong ma khi d6 coc lan
nhanh dudi tic dung tai trong xac dinh.
Nhitng dinh nghia khic vé sy pha hoai 1a gidi
han chuyén vi ty ¥ va coc duoc xem l1a pha
hoai khi dinh coc chuyén vi bang 10% duong
kinh day coc hodc d9 lun tho xép xi 1,5in
(38mm), con chuyén vi tinh 0,75in (19 mm),
khi coc chiu tai trong gap 2 1an tai trong thiét
ké [3, 4, 6].

Tai trong gi61 han cua coc sau thi cong cod
thé dugc danh gia théng qua thi nghiém nén
tinh coc, ton tai mot s6 phuong phap thi
nghiém khac nhau va phuong phap danh gia
tai trong giéi han khac nhau cho két qua thi
nghiém thu duoc. Trong thuc té, thi nghiém
nén tinh déu cin c trén tinh toan thiét ké va
két qua khong cho phép danh gia truc tiép tai
trong giéi han. Phuong phdp danh gia tai
trong gidi han khac nhau c6 thé dua dén gia tri
khac nhau, tiy thudc vao quan diém va kinh
nghiém cua ngudi thiét ké.

Xac dinh strc chiu tai gidi han theo chuyén vi
gidi han quy udc: Theo phuong phép nay, suc
chiu tai gidi han cua coc dugce xac dinh dya trén
moi quan hé gitra d6 lan quy ude St va tai trong
cuc han Qu véi cac hé sd an toan khac nhau. Cu
thé tri sd stc chiu tai cho phép duoc xac dinh
theo 3 cach: 1) Tai trong twong (mg vé&i chuyén
vi quy udc dau coc 1a 8mm chia cho hé sé an
toan Fs = 1,25; 2) Tai trong tuong ung voi
chuyén vi dau coc bang 10% dudng kinh coc; va
3) Tai trong 16n nhat c6 duoc trong qua trinh thi

nghiém coc (thdi diém coc bi tut) chia cho hé sb
an toan Fs=2,0 [3], [4].

Xac dinh suc chiu tai gioi han theo phuong
phap d6 thi: Stre chiju tai gi61 han cua coc duoc
xac dinh dya trén duong cong quan h¢ tai trong
— chuyén vi, cac dang duong cong dugc thiét lap
kha da dang, tuy thudc vao phuong phéap gia tai
va d6 1on cac cép tai hoac tuy thudc vao thoi
gian cila cac cip tai. Nhu vy tlly vao hinh dang
duong cong trong phuwong phap dd thi niy ma
strc chiu tai coc khoan nhoi duoc xac dinh theo
hai truong hop sau: 1) Néu duong cong tai trong
— chuyén vi S = f(P) c¢6 diém udn rd rang, sirc
chju tai giéi han 1a tai trong trong tng véi diém
duong cong bit dau thay doi toc do dot ngot
hodc duong cong gan nhu song song véi truc
chuyén vi; 2) Truong hop duong cong S = f(P)
thay d6i cham khong thé xac dinh diém udn, khi
d6 tiy theo cac d6 thi khac nhau ma nhiéu tac
gia dua ra nhitng phuong phap xac dinh khac
nhau nhu phuong phap Davisson, phuong phap
Chin, phuong phédp De Beer va Wallays hay
phuong phdp Fuller va Hoy, ... [4], [5]. Tiéu
chuan Viét Nam TCVN 9393:2012 dwa ra quy
dinh vé phuong phap thi nghiém nén tinh coc
nhung chua trinh bay chi tiét phuong phap phan
tich két qua dé danh gia tai trong giéi han cua
coc theo thiét ké.

b) Xdc dinh swc chiu tai gioi han theo
phwong phdp do thi theo TCVN 9393:2012 [7]

Phan tich két qua thi nghiém c6 y nghia hét
strc quan trong dén viéc danh gid coc sau thi
nghi¢ém. Cac phuong phép phan tich danh gia
dugc sir dung dua trén tai trong pha hoai cuc
han cta coc, & céc tiéu chuan va chi dan thiét ké
khac nhau ciing c6 nhitng quy dinh riéng, phu
thudc vao quy mo, sb lugng coc, kinh nghiém
thuc té dé ap dung. Tai trong pha hoai cuc han
cua coc la tai trong ma khi d6 coc lin nhanh
dudi tac dung tai trong xac dinh. Nhitng dinh
nghia khac vé sy pha hoai 1a giéi han chuyén vi
tuy ¥ va coc dugc xem la pha hoai khi dinh coc
chuyén vi bang 10% dudng kinh day coc hoic
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d6 Itn tho xap xi 1,5in (38mm), con chuyén vi
tinh 0,75in (19 mm), khi coc chiu tai trong gip
2 lan tai trong thiét ké.

Trong nd1 dung nghién ctru nay s€ trinh bay
phan tich danh gia suc chiu tai coc theo phuong
phap dd thi TCVN 9393: 2012. Trong phuong
phap nay Stc chiu tai giéi han dugc xac dinh
dua trén hinh dang duong cong quan hé tai
trong - chuyén vi S = f(P), logS = f(logP). Trong
nhiéu trudng hop tiy theo sé liéu két qua thi
nghiém thu dugc can két hop véi cac duong
cong khac nhu S = f(logt), P = f(S/logt)... minh
hoa trén hinh vé 3.

Téi trong (tén)

Chuyén vi (mm)

a) Biéu do quan h¢ tai trong - chuyén vi
Thé gian (phat)

[# myén wi (mm)

b) Biéu d6 quan hé chuy‘én vi - thoi gian
= 7'-1 [ b thdt gian (phit)

N

Biéu d6 quan hé tai trong — thoi gian - chuyén vi

yén vi (mm) Ti trong (t4n)

~  chu

C

Hinh 3: Minh hoa cac dang dwong cong xac
dinh tai cwc han theo TCVN 9393:2012

Tuy thudc vao hinh dang duong cong quan
hé tai trong - chuyén vi, sttc chiu tai gidi han
dugc xdc dinh theo mdt trong hai truong hop
sau: Truong hop 1: Khi d6 thi duong cong co
diém ubn ro rang: suc chiu tai gioi han dugce xac

dinh tryc tiép trén duong cong, 1a tai trong ting
v6i diém duong cong bit dau thay déi do dbc
ddt ngdt hodc dudng cong gan nhu song song
v6i truc chuyén vi; Truong hop 2: duong cong
thay doi cham, rat kho hodc khong thé xac dinh
chinh x4c diém ubn: stc chiu tai €161 han duoc
xac dinh theo cdc phuong phap d6 thi khac nhau
da dé cap néu trén.

3. PHAN TiCH PANH GIA SUC CHIU
TAI CQOC EP TU KET QUA NEN TINH
TAI HIEN TRUONG CHO KHU VUC PAT
YEU THANH PHO HO CHi MINH

a) Pac diém dia chdt nén tai thanh phé Hé
Chi Minh

Trong bao cdo nay, khu vuc xay dung cong
trinh khao st tai thanh phé H6 Chi Minh nim
trong viing ddng bang tich tu xam thyc, dia hinh
tuong ddi bang phang, cao do thay doi tir 1 dén
5 m. CAu tric dia chit tai mot sb vung dat yéu
cua thanh phd H6 Chi Minh duwoc chia lam 3
tAng cAu tric: tAng cdu tric trén, ting cau tric
giita va tang ciu trac dudi [5].

Tang ciu tric trén: Tang cu tric trén bao
gém cac tram tich thudc thanh tao trAm tich
Holocen. Nhin chung, cic hé tang trdm tich trén
déu 1a dat yéu, chira mot lugng déng ké vat chét
hiru co va ham luong cia né lién quan mat thiét
v6i ngudn gde thanh tao, thip nhit 1a trong tram
tich ngudn gbc song bién, ké do6 1a cac tram tich
¢6 ngudn gde bién.

Tang cau trac giita: Cac thanh tao trim tich
Pleistocen mudn phan bd hau hét dién tich cia
thanh phé va 10 ra trén cac khu vuc ¢6 dd cao
trén 5m tré 1én, phan con lai bi phii boi cac tram
tich co tudi Holocen. Cac thanh tao trAm tich
Pleistocen muon, Pleistocen sém phan bd khip
dién tich thanh phd, bé mdt mai ciia clia hé tang
nay chim sdu tr mot 10 - 80 mét, thanh phan
thach hoc la sét bot. Cac thanh tao Pliocen som
khong 10 ra trén mat dat ,ching dugc théy hau
hét trong 16 khoan sdu trén dién tich thanh phd,
bao gdm cac trAm tich gin két yéu tuwong tng
v6i hé tng nén.
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Tang ciu tric dudi: Tang cau tric dudi bao
gdm cac da trim tich tudi Jura sém, cac d4 trim
tich — nai la tudi Jura mudn- Kreta sém, cac da
xam nhdp Kreta soém. Trén phan 16n dién tich
chiing bi phu béi cac trim tich Kainozoi duéi d6
sau 40-60m.

b) Két qua tinh todn chiu tai coc tai mot )
D an tai Thanh phé Hé Chi Minh

Trong ndi dung phan nay két qua tinh toan
suc chiu tai (SCT) cua coc duoc léy tr mot sd

du 4n cu thé tai thanh phd HO Chi Minh, cic
phuong phap tinh SCT khac nhau tinh theo chi
dan trong TCVN 10304:2014: Tiéu chuén thiét
ké mong coc, do 1a tri s6 SCT tinh theo chi tiéu
co 1y ciia nén dit, tinh theo cuong d6 dit nén, va
tinh toan theo két qua xuyén tiéu chuan SPT
gdbm cong thitc Meyerhof, Nhat Ban va
Schmertmann. SCT xac dinh tur thi nghi€ém nén
tinh coc tai hién truong dugc léy theo TCVN
9393:2012, thé hién trong bang dudi day [3, 6].

Bang 1: SCT coc ép tai dir zn Chung cir 14 ting An Lac — Binh Tén, coc BTCT 300x300, L =26,4m

STT Phwong phap tinh SCT (T)
1 | Theo chi tiéu co ly cila dat nén 100,0
2 | Theo chi tiéu cudong do dat nén 100,6
3 Theo SPT, cong thirc Meyerhof 104,2
4 Theo SPT, cong thirc Nhat Ban 112,1
5 Theo SPT, cong thirc Schmertmann 110,2
6 Két qua nén tinh coc (P.P Davisson) 109,6

Bing 2: SCT coc ép tai du an Chung cwr 12 ting Ci Lao Cham — Binh Thanh,
coc BTCT 300x300, L. = 24,5m
STT | Phuong phap tinh SCT (T)
1 Theo chi tiéu co 1y cua dat nén 1054
2 | Theo chi tiéu cuong d6 dit nén 1093
3 Theo SPT, cong thirc Meyerhof 90,3
4 Theo SPT, cong thirc Nhat Ban 94,1
5 Theo SPT, cong thirc Schmertmann 118,3
6 Két qua nén tinh coc (P.P Davisson) 105,0
Bing 3: SCT coc ép tai du 4n Toa nha hén hop R16 — Phii My Hung, Quén 7,
coc BTCT 350x350, L =30m
STT | Phuwong phap tinh SCT (T)
1 | Theo chi tiéu co ly cila dat nén 195.,6
2 | Theo chi tiéu cudong do dat nén 168,8
3 Theo SPT, cong thirc Meyerhof 78,4
4 Theo SPT, cong thirc Nhat Ban 138,1
5 Theo SPT, cong thirc Schmertmann 183,8
6 | Két qua nén tinh coc (P.P Davisson) 179,0
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Bang 4: SCT coc ép tai du 4an Nha may dwoc phiam 3-2, Khu cdng nghiép Cat Lai, Quan 2,
coc BTCT 300x300, L = 27,5m

STT | Phuong phap tinh SCT (T)
1 Theo chi tiéu co 1y cta dat nén 138,7
2 Theo chi tiéu cuong do dat nén 135,1
3 Theo SPT, cong thirc Meyerhof 1124
4 Theo SPT, cong thirc Nhat Ban 126,1
5 Theo SPT, cong thirc Schmertmann 149,3
6 Két qua nén tinh coc (P.P Davisson) 153,0

Béang S: SCT coc ép tai du an Bénh vién tim Tam Dirc- khu dé thi Phu My Hung, Quén 7,
coc BTCT 300x300, L. = 27,5m

STT | Phwong phap tinh SCT (T)
1 Theo chi tiéu co 1y cia dat nén 145,2
2 Theo chi tiéu cuong do dat nén 137,1
3 Theo SPT, cong thirc Meyerhof 57,6
4 Theo SPT, cong thirc Nhat Ban 101,3
5 Theo SPT, cong thirc Schmertmann 147,6
6 | Két qua nén tinh coc (P.P Davisson) 150,5

¢) So sanh két qua tinh todn SCT ciia coc Vi
két qua thi nghiém nén tinh

T s s R R S
190 SErEes Sl S Bl
180
170 4
160 4
150
140 4
130
120

SCT theo nén tinh (T)

110 +

100

100 110 120 130 140 150 160 170 180 190 200

SCT theo co'ly (T)

Hinh 4: Moi lién hé gitta SCT theo co' Iy va nén tinh

Do thi Hinh 4 biéu dién SCT coc theo chi

tiéu co 1y va két qua thi nghiém nén tinh coc. Tt
db thi nhan thiy SCT theo chi tiéu co 1y cho két
qua phan 16n 16n hon két qua co6 dugc tir thi
nghiém nén tinh, sai s6 tir 0-9%. Pé tim duge
strc chiu tai cuc han cta coc khi da biét strc chiu
tai tiéu chuin can dua vao hé sd diéu chinh:
P =0,86P, +9,8 vo6i P. la strc chiu tdi can
chon, Py 1a stirc chiu tai tinh toan theo chi tiéu co
ly dét nén.

D6 thi Hinh 5 cho théy SCT coc theo chi
tiéu cuong do co két qua phan tan so voi két
qua c6 duoc tir thi nghiém, sai s khoang 4-
12% cb thé chép nhan dugc. Tuong ty nhu
SCT theo chi tiéu co 1y, dé tim duoc stre chiu
tai cuc han cia coc khi da biét stc chiu tai
titu chudn can dua vao hé sb6 diéu
chinh: P =1,056P, +4,5, ¢ d6 P. l1a stc chiu
tai can chon, Py 1a strc chiu tai tinh toan theo
chi tiéu cudng do dat nén.
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SCT theo nén tinh (T)
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100 110 120 130 140 150 160 170 180 190 200
SCT theo chi tiéu cuwong dj (T)

Hinh 5: Méi lién hé giita SCT theo chi tiéu
cuong do va nén tinh

Khac vo1 SCT theo chi tiéu co 1y va chi tiéu
cuong do dat nén, treong hop tinh theo tri sb
xuyén tiéu chuan SPT & cong thirc Meyerhof
cho két qua nho hon nhiéu so v6i nén tinh, sai
s6 co thé 1én dén 62%, thé hién trong Hinh 6.
Pé tim duoc SCT cuc han cia coc khi da biét
két qua xuyén tiéu chuin SPT theo cong thirc
Meyerhof, tir két qua phan tich ¢ trén ta can dua
thém hé s diéu chinh theo phuong trinh: trong
dé: P.=1037F,+150,1 vé&i P, la stc chiu tai
cin chon, Py 1a SCT tinh theo tri sb SPT cua
cong thuc Meyerhof.

TN g e g o g L S e e
54NN . S
SRR N S SN S N
= Rt
had 140 + -- - - ""—'———.s_-___;_-_-_' """"" = )
‘E y “:‘G,TDSTxI + 150»{_}? ' ' . |
= ' ' | ' [ 1 '
R R s (i s s i e
€ T el : : :
@) . | \ ' | . |
I e s e e e
60 f

60 80 100 120 140 160 180 200
SCT theo cong thirc Meyerhof va nén tinh (T)

Hinh 6: Méi lién hé giita SCT theo Meyerhof
va nén tinh

Hinh 7 biéu dién so sinh SCT cta coc tinh
theo cong thirc Nhat Ban va két qua nén tinh tai
hién truong. Két qua cho thiy trong sai sb 1a 2-
33% & cong thirc Nhat Ban, Strc chiu tai theo
tinh toan 1y thuyét 1a nho hon, co thé ly giai
rang trong tinh toan theo coéng thirc Nhat Ban
thién vé tinh toan ma sat xung quanh coc nén
trong trudng hop dia chit nhiéu 16p dat roi két
qua tinh todn s& kha thip so voéi nén tinh,
phwong trinh  diéu chinh  dugc ldy
P =1,494P, 42,5 v6i P. 1a stc chiu tai can
chon, Py 1a SCT tinh theo tri s6 SPT cia cong
thirc Nhat Ban.

200
190
180 4
170 4
160 -
150 4
140 4

130 4

SCT theo nén tinh (T)

120 -
110 £ - A

100

100 110 120 130 140 150 160 170 180 190 200
SCT theo cong thirc Nhat Ban va nén tinh (T)

Hinh 7: Méi lién hé giita SCT theo céng thirc

Nhdt Ban va nén tinh

Hinh 8 biéu dién so sinh SCT cta coc tinh
theo cong thirc Schmertmann. Két qua cho thiy
trong sai sb 1a kha nho, tir 1-13% & cong thirc
Schmertmann, sirc chiu tai theo tinh toan tir
cong thire 1y thuyét 1a 16n hon nhung két qua 1a
gan nhét véi thi nghiém dung thich hop cho tinh

toan strc chiu tai coc ép bé tong cbt thép.
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Hinh 8: Méi lién hé giita SCT theo céng thirc
Schmertmann va nén tinh

5.KET LUAN

Strc chiu tai (SCT) coc €ép tinh toan theo chi
tiu cuong do cua dat nén chua ké dén diéu kién
thi cong thyc té ciia coc trong dat nén do tin cay
khong cao va nho hon strc chiu tai tinh toan theo
chi tiéu co 1y ciia dat nén. Trong céc tinh toan 1y
thuyét str dung cong thirc Nhat Ban dé tinh toan
SCT c6 gia tri nhd hon kha nhiéu so véi cac
phuong phap khac va két qua nén tinh tai hién
truong, thich hgp trong truong hop coc ngan
hodc nén dat tét. Tinh toan SCT theo két qua
chuain SPT tir cong thirc
Schmertmann 16n hon tinh todn theo Meyerhof

xuyén tiéu
va gin nhit v&i két qua thi nghiém nén tinh
ngoai hién truong.

Phuong phap tinh toan SCT theo cong thirc
Schmertmann tir két qua xuyén tiéu chuin SPT
sai s6 nho 1a chap nhan dugc va phu hgp trong

Nguwoi phan bién: PGS, TS TRAN THUONG BiNH

tinh toan coc ép bé tong cdt thép trong diéu kién
nén dat yéu. Trong tinh toan thiét ké coc can
dua vao diéu kién dit nén dé tinh toan cong thirc
ly thuyét phu hop va so sanh véi két qua nén
tinh thu dugc tai hién truong.
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NGHIEN CU'U UNG XU’ CUA KET CAU CHONG GIU
CAC BUONG LO PHIA DUGI KHU VU'C BAI THAI
TAI CONG TY TNHH MTV THAN KHE CHAM - VINACOMIN

VU TIEN DUNG’, PANG VAN KIEN™

Research on the tunnel support behavoir under mining waste dumping
at MTV Than Khe Cham coal company — Vinacomin

Abstract: Nowadays, many underground coal mines in Quang Ninh have
exploited coal seams below the mining waste dump such as Khe Cham II,
Mong Duong and Mao Khe. A number of mining waste dumps have
reached the height of 100 m to 300 m, even to over 400 m. The rock mass
from a mining waste dump creates an artificial pressure on the furnace
lines located under the mining waste dump. This article presents the
current status of the mining waste dumps and the exploited coal seams
located below the mining waste dump in Cam Pha, Quang Ninh, focusing
on Bang Nau and Khe Cham Il coal mining waste dump. The study used
Rocscience -RS2- Phase’ software to create simulation models to study
the primary stress distribution in the rock mass. The study results
highlight the impacts of the mining waste dump on the support structure
of the underground tunnels in MTV Than Khe Cham - VINACOMIN and
propose the appropriate support structure to enhance the stability of the
underground tunnels of mining areas. The simulation results would
support the consulting and construction companies to calculate the rock

pressure acting on the tunnels located under the mining waste dump.

Keywords: Deformation,

displacement.

1. MO PAU

Trung binh moéi nim toan Tap doan Cong
nghiép Than-Khoang san Viét Nam (TKV) d6
thai khoang 200 triéu m® dit da thai, trong do
khoang 57 % khbi lwong d6 thai tai cac bai thai
ngoai, cac bai thai tiép tuc dugc db 1én cao va
mo rong v6i cac théng sb nhu Bang 1 [1]. Pén
nay, nhiéu bdi thai nhu: Péng Cao Son, Chinh
Bic, Bang Nau, Nui Béo, Coc Sau,... da dd véi
khéi lwong téi hang tram triéu m® dit d4, chiéu
cao bdi thai toi vai trim mét, sd luong tang thai
nhiéu. Trong nhitng nam tdi, khoi luong dat boc

So Xdy dung tinh Ba Ria - Viing Tau
Truong Dai hoc Mo - Dia chat
Email: dangvankien@humg.edu.vn

mining waste dumping, support structure,

cac mo than, khoang san 16 thién tang tir 1060
triéu m*’/nam. Khong giéng nhu thé gidi, van dé
ton tai cia nganh than lién quan dén bai thai
hién nay do cong tac quy hoach bai thai khong
dugc chi y sém, mot sb bdi thai nam ngay trén
khu vuc khai thac (Khe Cham II-IV); dy 4n khai
thic bing Giéng dung (Coéng ty than Mao
Kh¢)... Chiang han nhu cubi nim 2020, trong
ving Cam Pha c6 khoang 16 mo va cong truong
khai thac than 10 thién hoat dong. San luong
than khai thac tir 14-16 triéu tAn/nim, twong ting
khéi lwong dat da boc tir 180-200 triéu m’/nim,
trong d6 nhiéu bai thai ndm truc tiép trén cac
khu vuc khai thac phia duéi.

T thuc té san xudt tai mo than Théng Nhit,
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mo than Mong Duong va dédc biét 1a tai mo than
Khe Cham III cho thdy c6 nhitng anh hwéng 16n
ctia bai thai mo dén do én dinh cua céc duong 1o
phia dudi. Nam 2019, Cong ty than Khe Cham
111 tap trung khai thac chinh tai via 14.5 c6 diéu
kién dia chat cong trinh va diéu kién dia chat
thily van phirc tap, than mém yéu, ap luc mé 16n
do anh huéng cua cac ting khai thac phia trén bj
pha huy va bai thai Bang Nau phia trén. Cong ty
than Khe Cham phai tam dirng 04 cong truong
khai thac két hop voi 3 cong truong dao 10 dé
tap trung nhan lyc chong xén cac duong 16 bi
nén, giam tiét dién dé duy tri phuc vu san xuat
nhim dam béo an toan va cai thién diéu kién
lam vi¢c cho nguoi lao dong [2]. Viéc khai thac
do vay gip nhiéu kho khin, vuéng mic giy anh
huéng truc tiép dén san luong cta cong ty. San
luong khai thac cua 10 cho gid xich trong ndm
du kién chi dat tir 130.000+160.000 tin/ndm.
Ngoai cac nguyén nhan trén con do cac 10 chg
khai thac tai khu vue via 14.5 c6 diéu kién dia
chit, thay vin phtc tap, nude chay véi luu
lwong (10+50) m’. Ap lyc mo 16n din dén cac
duong 16 doc via thuong xuyén bi nén giam tiét
dién gay kho khan trong cong tac thong gid, van
tai, di lai va van chuyén van liéu phuc vu khai
thac (sb luong vat tu chuyén trong 1 chuyén chi
bang 50% so v&i diéu kién binh thuong). Viéc
khao sat ciing cho thiy than cta via 14.5 mém
yéu, trong khi ap lyc mé 16n 1am nén bién dang
pha v& két cau vi chong gay khé khin cho cong
tac lap dat cAc thiét bi van chuyén nguoi. Mat
khac viéc cac duong 10 bi lun nén, bung nén thu
hep tiét dién va c6 xuat hién nudc con lam anh
huong 16n dén tinh trang lam viéc va giy hu
hong cac thiét bi van tai (mang cdo, bang tai,
duong sat). Dé phuc vu nghién ciru, nhom tac
gia da khao sat qua trinh chdng giit, danh gia do
6n dinh cac duong 16 chiu anh huéng dudi bai
thai 10 thién thuoc Cong ty Than Khe Cham.
Mot sb két qua khao sat duogc thé hién & Phan
2.2 dudi day.

Khi khao sat qua trinh tinh toan thiét ké két

cau chdng bang viéc tinh toan ap luc dat da theo
gia thuyét ciia T.Ximbarevich, tinh toan két cdu
bang phuong phap co hoc két cau cho thiy két
cau chéng gitr dudng 10 dang sir dung 1 du bén.
Tuy nhién, thuc té cac khung chéng bi udn, van,
bop méo, duong 10 bi bién dang nhanh nhu phan
tich & trén. Két qua cho thdy, néu chi 4p dung
cac phuong phap 1y thuyét, cac gia thuyét tinh
todn ap luc moé truyén théng vao thyc té san
xuit dé dua ra cac giai phap k¥ thuat chong giir
nhu hién nay thi rat kho dé thuc hién viéc on
dinh duodng 10 & muc khai thac sdu khi bé mat
dia hinh nguyén thuy phia trén da bi pha vo bdi
cac moong khai thac va cac bai thai mat mo. Do
vay, viéc nghién ctru nghién ctru anh hudng ciua
bai thai mit mo dén ung xu co hoc cua két cAu
chéng giit cac duong 16 phia dudi tai ving than
Quang Ninh bang mo hinh sd 14 rat can thiét va
cap bach. Két qua giup lwa chon duoc cac loai
hinh két cau chdng giir phtt hop nhdm néng cao
hiéu qua khai thic than trong toan tdp doan
TKV, dong thoi theo xu hudng 4p dung cac
thanh tgu nghién ctru khoa hoc tai cac nudc co
nén cong nghiép mo phat trién.

2. POI TUQONG VA PHUONG PHAP
NGHIEN CUU

2.1. Pic diém bai thai mé

Hién tai, bai thai 1on nhat ving Cam Pha 13 bai
thai Dong Cao Son (dung tich 295 triéu m’) dang
duoc 3 mo 10 thién Péo Nai, Coc Sau va Cao Son
str dung. Trong d6 khdi luong dét da thai cia cac
moé Péo Nai, Cao Son, Coc Sau, Khe Cham II va
Pong Pa Mai chiém trén 94 % tong khdi lugng
dat d4 thai toan ving. Giai doan 2013-2020, khéi
luong dat d4 thai cia ving da dat trén 1,9 ty m’
(Hinh 1). Dt d4 bai thai ¢ trang thai roi rac, gdm
cac loai manh, cuc dit da v& vu cua cat két, cudi
két, bot két, sét két, sét than va dat pha dé tir, kich
thudc D = 0,1 mm +1000 mm (Hinh 1 + Hinh 2).

2.2. Pic diém két cAu chéng giit ciia hé
thong dwong 10 phia dwdi bii thai

Céac duong 10 doc via d& & mo than Khe
Cham III thudng c6 tiét dién st dung dugc thiét
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ké theo muc dich st dung va phu hop theo san
lugng khai thac tung khu vuc. Trén Hinh 2,
Hinh 3 thé hién kich thudc tiét dién dao cua
duong 16 doc via da & mutrc -190 via 14.5 va trac
doc duong 10 sau khi bi nén lin. Hién tai cac
duong 10 dao trong than tai khu vuc dudi bai
thai chu yéu dugc dao bang phuong phap khoan
né min va chéng giit bang khung chdng thép

]
X Sgma
L = --.\\ - 4
—~, e T T T T S e e
b e ¥
- N £
E = e
By 105, w6
{ TH Sl
,\sﬁﬁ“% o
S, N VoG BT BANG NAU

+300

%, \ N /m:nmuaoO'r@ ‘?"
e S N
# Sy A
=\ 57

o
[ SUG1 DA MAL _U

Hinh 1: Mdt bang bdi thai Bang Ndu -
Cdm Pha - Quang Ninh

MAT CAT1-

CBII. Céc duong 10 khu vuc nghién ctru cua via
14.5 gébm cac doan 16 dao qua via than hodc qua
cac 16p da c6 d6 6n dinh kém thi sau khi chéng
tam bang khung chdng thép tién hanh chéng cb
dinh bang vo chng bé téng. Nhirng vi tri dic biét
trong 10, c6 thé xuét hién bung nén, cling dugc
chdng ¢ dinh bang vo chdng bé tong cbt thép két
hop véi ddm vom nguoc dé chong bung nén.

Hinh 2: Bé mdt bdi thdi Bang Néu -
Cdm Pha - Quang Ninh

b) Mit cit 2-2

Hinh 3: Hién trang mot 56 doan 1o thwong van tai via 14.5 khu Pong Nam mo than Khe Cham 111

a) PDuong thwong Van tai 14.5 khu Pong Nam,

Khe Cham III bi bién dang

bi nén ép manh trude khi thi cong chong xén

b) Puong thwong Van tai 14.5 khu Pong
Nam, Khe Cham III bi lun noc

Hinh 4: Hién trang dwong lo bi pha huy dwoi bdi thai Bang Ndu
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2.3. Hién trang két cAu chdng giir cac duwong
10 dwéi khu bai thai khu vuc nghién ctiru

Puong 10 Thuong Van Tai 14.5 khu DBong
Nam, Khe Cham III bi bién dang theo thiét ké
duong 10 duge chdng bang thép SVP 22, tiét
dién 9,4 m* chén kin néc, hong chén so le
bang tdim chén bé tong cdt thép dic sin dat va
dat ddm nén. Nhung do thoi gian va anh
hudng cta 16p ap luc dat da phia trén va viing
bai thai nén nhiéu doan 10 bi nén ¢p manh. Lo
DVTG 14.4-2, cong ty than Khe Cham thi
cong 2019 bi nén lun, lam ran nut khung
chéng thép. Bé dam bao an toan, kha ning st
dung duong 10, Cong ty di chéng xén dua
duong 16 vé tiét dién ban dau. Tuy vay, duong
16 tiép tuc bi nén lan, bién dang, diy hong lam
gdy toan bd ving nén ray P24, lam giam tiét
dién duong 10, tiét dién thyuc té sir dung con
5,4 m? anh hudng t6i cong tac thong gio, van
tai, thoat nudc cua khu vuc (Hinh 3b). Qua
danh gia nguyén nhan gdy pha huy cac duong
lo cho thcfy viéc lua chon, tinh todn két ciu
chong dwa trén cdc gia thuyét tinh todn truyén
thong khéng con phi hop vi qua qud trinh

kiém tra danh gid lai két cdu, két cdu vin di
bén trén 1y thuyét.

Khu vuc nghién ctru thudc via 14.5 véi cac dac
tinh nhu sau: Via 14.5 ndm cach via 14.4 tir 30 m
dén 60 m. Lo via 14.5 xuét hién chu yéu & khu
Khe Cham I, III va moong khai thac 16 thién mo
Cao Son (Khe Cham IV). Chiéu day toan via thay
dbi tir 0,24 m (BKC09) dén 38,84 m (NKC67),
trung binh 5,72 m. Chiéu day riéng than thay d6i
tir 0,00m dén 27,37 m (NKC67), trung binh 4,99
m. Via ¢ cdu tao rat phirc tap, trong via co tir 1+9
16p da kep, chiéu day da kep tir 0,0 m + 11,50 m
(NKC67), trung binh 0,53 m. P dbc via tir 3°=
60°, trung binh 27°. Chiéu day via 14.5 giam dan
tir phia Nam 1én Bic. Via 14.5 ¢6 317 cong trinh
khoan khéng ché via duéi sau, 39 cong trinh khai
dao khéng ché 16 via. DAt da vach, tru via than la
cac 16p da bot két, sét két, than ban hodc sét than
va cudi két thuong ndm sat vach via than, day da
dau hiéu d& nhan biét. So v6i bao cao chuyén do6i
nam 2008, chiéu day trung binh riéng than via
14.5 giam tu 6,77 m xuéng 4,99 m. Pac tinh cu
thé ciia mot s6 via thude khu nghién ctru thé hién
trén Bang 1.

Bang 1: Téng hop dic diém cac via than khu mé Khe Cham (Ngé Pirc Quyén, 2018)

Chiéu day (m) ‘o P .
. So 1op kep R Cau tao
Tén via Diav vi Riéng Pi k (s.16p) doc 3
ay via a ke S. via
y than ‘P P (do)
V1ds 0,24-38,87 | 0-27,37 | 0-11,5 0-9 3-60 Rét phirc
’ 6,06 (350) | 5,31 0,59 1 27 tap

Céc két qua nghién ctru tir trude dén nay cho
thiy két cAu chdéng 10 dugc tinh toan bang
phuong phap co hoc két cdu hodc mé hinh sb
song chwa chu y nhiéu dén sy anh huéng cia
anh hudng bii thai trén bé mit tai cac ham 16
hodc cac cong trinh bé mit ¢o trong lugng 16n
nhu thap giéng, khu nha diéu hanh vin phong
cia mé ciing nhu cac 16p dat da bi nén ép phia
trén do cac tang khai thac trudc d6 bo lai.

Ngoai ra ciing chua chi ¥ dén duoc nhiing diéu
kién dia chét dic biét cua khdi dat da bi nén ép
manh. Do d6, nghién ciru anh hudéng cua bai
thai bé mat moé ham 16 dén ung Xu co hoc cua
cac duong 10 phia dudi tai vung than Quang
Ninh s& 1a rat can thiét va cip bach dé tim cac
giai phap chdng gitt nhim ning cao mirc do 6n
dinh ctia duong 160 nham nang cao hiéu qua khai
thac than trong toan tdp doan, ddng thoi 4p dung
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cac thanh tyu nghién ctru khoa hoc tai cac nuéde
c6 nén cong nghiép khai thac than phat trién
trén thé gidi. So dd nghién ctru anh hudéng cia
tuong quan vi tri duwong 10 phia dudi bai thai
mit mo dén tng xtr co hoc cua két cAu chdng
giit dudng 16 dugc thé hién trén Hinh 5. Theo
Hinh 5 c6 hai vi tri can quan tim d6 1a duong
10 ndm tai khu vuc (I) va suon bai thai (Khu
vuc II).

Hinh 5: So do6 nghién ciru dnh huong ciia bdi
thai dén hé thong cdc dwong 1o phia duéi

Bai bao tién hanh khao sat anh hudng cia
tuong quan vi tri duong 16 voi bai thai mat méd
dén d6 6n dinh ctua duong 16 phia dudi bang mo
hinh sb tai . Két qua mo hinh sd cho thiy anh
huéng 16n cha vi tri twong quan dudng 16 ndm
dudi bai thai dén tmg xir ciia két cau chdng 10.

3. NGHIEN CUU ANH HUONG CUA
BAI THAI MAT MO PEN UNG XU CUA
KET CAU CHONG GIU CAC PUONG LO
PHIA DUGI TAI CONG TY THAN CONG
TY TNHH MTV THAN KHE CHAM -
VINACOMIN BANG MO HINH SO

3.1. Thanh 14p m6é hinh dwdng 10 than
chiu dnh hwéng huéng khai thac than him 1o
duéi bai thai 19 thién

DPé danh gia d6 dich chuyén khéi da xung
quanh duong 10 va do bén ciia hé thong két cau
chéng giit duong 10 duéi tic dung cia khoi dat
d4 phia trén, ap luc bai thai, ap luc nuwédc ngim,
ta sit dung phwong phap sd thong qua phuong
phép phan tir hitu han bang phan mém chuyén
dung Rocscience -RS2- Phase’. Phin mém
Phase® ban quyén c6 kha ning mo phong qua

trinh khai dao dat da va lap dung két cdu chéng
gilt duong 10 voi cac loai két cAu chéng gitr 1a
dién hinh 1a bé tong phun (Shotcrete) va neo da
(Rockbolt) v61 mo hinh Fully Bonded, neo cap
(Cable bolt) véi md hinh Plain Stran Cable,
khung thép. Phan mém ciing chi ra mirc d6 on
dinh cia dudong 10 théong qua hé sd bén
(Strength factor), ving déo xuit hién xung
quanh duong 10 cling nhu gia tri nd1 lyc 16n
nhat dat duoc trong hé théng két ciu chdng giir
duonglo dudi anh huong cua bai thai va ap luc
dat d4, nude ngdm gdm mo men 16n nhat trong
v6 bé tong cbt cliing, bé téng phun, khung thép,
mé men udn va luc doc xuit hién lén nhit
trong thanh neo.

*) Xay dung md hinh, diéu kién bién va
truong tng suat ban dau

Kich thuéc ving m6 hinh hoéa 2D: Vung anh
huéng sang bén trai, bén phai va phia dudi
duong 16 trong ting da gdc duge chon bang
bang 30 lan chiéu rong duong 10 (theo kinh
nghiém) nhim dam bao mé hinh diéu kién thuc
té va dam bdo do chinh xdc cia md hinh sb.

Diéu kién bién: Canh thing dimg bén trai,
bén phai bién vung anh huong cho phép dich
chuyén theo phuong thing dimg, khéng cho
phép dich chuyén theo phwong ngang. Canh
nim ngang dudi day bién ving anh hudng
khong cho phép dich chuyén theo phuong thang
dtng va phuong ngang. Canh nim ngang phia
trén bién vung anh huong dé ty do, cho phép
dich chuyén theo phwong dung va phuong
ngang. Tai trong phan bd déu trén bé mit méd
hinh bang ty trong ciia cac 16p dat phia trén: P =
HgxPg, trong d6 Hy- chiéu day ting dat phia
trén; Pq- ap luc dat gdy ra trén 1 m?; va ap luc
bai thai gdy ra tuy theo vi tri duong 10. Nghién
ctru duge tién hanh xem xét 2 vi tri 1a duong 10
nam truc tiép dudi bai bai (trung tAm bai thai-
ap lyc phan bb déu) va duong 16 nam chéch 1 vi
tri so voi trung tAm bai thai (nim dudi vi tri
suon dbc bai thai - ap luc phan bd dang hinh
thang) gia tri cuong do ap luc tuy thudc do sau
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duong 10 va chiéu cao d6 thai hién tai cta bai
thai (Hinh 5). Trén co s¢ phan tich trén, bai bao
tap trung nghién ciru mo hinh sb cho trudong hop
duong 10 thugong VT cua via 14.5.

*) M6 phong qua trinh khai dao duong 1o,
lap dat cac loai két cAu chéng giir

Trong md hinh s, cac giai doan tinh toan
dugc thé hién trong Bang 2.

Bang 2: Cac giai doan méd phéng trong tinh toan két ciu chong duwdng 10

Giai doan Cong viéc
Giai doan 1 | Xay dung diéu kién bién, trudng (mg suat ban dau.
Giai doan o | Gidm mo dun dan hoi ctia khéi d4 phia trong bién 16 dé cha y dén bién dang xung
’ quanh bién 16 sau khi dao va lip dung két cdu chdng 16
o a) Cong tac khai dao, lap dung két ciu chdng.
Giai doan 3 - —
b) Qua trinh dong clirng bé tong phun, neo BTCT va bé tong lién khoi c¢ot ciing

*) Pic tinh dat da va cac thong sd dau vao
cta két cAu chdng

Dbi trong nghién ciru 1a cac duong 16 doc
via than va doc via da thudc khu via 14-2 dén
14.5 dao qua cac 16p da va than c6 cac dac tinh
co ly da cua cac khu thu¢c khai truong mo than
Cao Son nhu Bang 3 dudi day. Cac thong sb vé

Phuong 4n nhu Bang 5.

Trén co s lua chon cac két cau chéng kha
di & phan trén, khi duong 10 dao trong da s&
tién hanh st dung cic phuong an chéng gitr
nhu Bang 4. BPuong 10 dugc xem xét ¢ vi tri
nam tai mai doc bii thai - tai trong phin bd
léch duge xem 1a trang thai nguy hiém cho

két cidu chéng duoc khai bdo theo ting. két cdu chéng.
Bang 3: Tong hop két qua thi nghiém tinh chét co 1y da mé than Cao Son
(Ngd Pirc Quyén, 2018)
Khoi . \ H¢
) Khéi | Cuomg | H , Géc
% lwgng Cuwong do do s0 | Lwc dinh ]
o am N lwgng , , , A . ma sat
Tén da riéng 2., khang kéo khang | kién két C
W A the tich - (kGlem?) | nén o 5 | (kPa) 1
c cm n co a n
(%) W | % (gem’) | ) (d9)
(g/cm’) (kG/em?) | ()
Sankét | 0,245 | 2,622 2,594 183,51 1294,13 | 12,94 | 3281,7 35,49
Catkét | 0,376 | 2,667 2,648 176,98 1241,32 | 12,41 | 3082,1 35,32
Botkét | 0,621 | 2,668 2,652 139,60 960,13 9,60 2449 4 35,26

3.2. M6 hinh dnh hwéng cia bai thiai mat
mé dén wng xir cia két cAu chdng giir cac
dwong 10 phia dwéi

Trén co s& lya chon cac két cAu chéng kha di
gdm cac phuong an chdng cho duong 16 dao

trong da, vi tri suon bai thai tién hanh cac
phuong 4n chdéng giit nhu Bang 4 va Hinh 5
dudi day. Két qua ving bién dang xung quanh
duong 10, gia tri chuyén vi 16n nhat xung quanh
bién 10 thé hi¢n trén Hinh 6 va Hinh 7.
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Hinh 5: M6 hinh s6 mé phong cdc dwong 16 chong gitk

Véi cac duong 10 tai trung tdm bai thai khu
vuc (I), trén co so lya chon cac két cAu chéng
kha di gdm cac phuong an chéng cho duong 1o
dao trong than, vi tri trung tam bai thai ciing
tién hanh cac phuong 4an chdng gitr nhu
phuong an tai suon bii thai (Bang 4). Két qua

téng chuyén vi xung quanh dudng 16 véi 6 PA
chdng giit thé hién trén Hinh 6. Gia tri chuyén
vi tai cac vi tri néc, suon va nén 10 duge thé
hién Bang 5. Két qua so sanh chuyén vi thu
dugc trén bién 10 tai néc va nén 10 duge thé
hién trén Hinh 9 va Hinh 10.

Bang 4: Cac phwong an chdng 10 dao trong da tai swon bai thai

Stt | Cac phwong 4n chdng 1o

1 | PAl: Bé tong lién khéi c6t cirng: thép I 110, bé tong M300 day 30cm

2 | PA2: Khung thép SVP 27 budc chong 0,7m

3 | PA3:Khung thép SVP 27, bude chdng 0,8m; Neo CDCT L =2,4m (axa = 0.8x0.8m)

Cép L =6m (axa =1.6x1.6m)

PA4:Khungthép SVP27, budc chéng 0,8m; Neo CDCT L =2,4m (axa = 0.8x0.8m), Neo

5 | PAS5: Neo CDCT L =2,4m két hop bé tong phun day 10cm

phun 10cm

PA6: Neo CDCT L =2,4m (axa = 0.8x0.8m), Neo Cap L =6m (axa =1.6x1.6m), Bé tong

Trong d6: duong kinh thép 1am neo déo 20 mm, neo cap 21,8 mm gom 7 soi.
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Hinh 6: Két qua tong chuyén vi xung quanh dwong 16 véi 6 PA chong giir
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Hinh 7: Két qua viing déo xung quanh dwong 16 véi 6 PA chong giir
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Hinh 8: Két qua gid tri hé s6 bén tai cdc vi tri trén bién dwong 10 véi 6 PA chéng giir
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Bang 5: Chuyén vi 16n nhét cia dwdng 10 nim tai trung tim bai thai

. Chuyé ] .
Chuyén vi .l;zen Chuyén | Chuyén vi
) . 16m nhit viion vilén | 16m nhét
Stt Cac phwong an chong lo o, nhat Y . un
trén noc on 1a nhat nén trén bién
(mm) S?'mm)o 16 (mm) (mm)
PAl: Bé tong lién khéi cbt cing:
1 thép I 110, bé tong M 2 11
ép , bé tong M300 day ,5 145 7 7
30cm
) PA2: Khung thép SVP 27 budc 175
chéng 0,7m ’ 18 22,5 22,5
PA3: Khung thép SVP 27, bude
héng 0,8m; Neo CDCT, L =2,4 :
3 chong 0,8m; Neo , ,4m, 13.5 125 225 2.5
(axa =0,8 x0,8m)
PA4: Khung thép SVP 27, budc
4 chéng 0,8m; Neo CDCT L =2,4m, 8.5
(axa =0,8 x0,8m); Neo Cap L =6m ’ 9,5 22,5 22,5
(axa =1,6x1,6m)
PAS: Neo CDCT L =2,4m, (axa
=0,8 x0,8m két hop bé tong ph
5 0, x0,8m két hop bé tong phun 11,5 10,5 18 18
day 7 cm
PA6: Neo CDCT
6 L =2,4m; Neo Cap L =6 9,5
,4m; Neo Cap m (axa , 12.5 7 7
=1,6x1,6m),
4. KET LUAN cua dudng 10, ké tiép dén 1a PA4 khi sir dung:

Bai bao di tong hop cac két qua nghién ciru
chinh vé& nghién ctru 4nh hudng bii thai mit mo
dén tng xtr co hoc cuia két ciu chong giit duong
10 tai ving than Quang Ninh bing phuong phap
mo hinh sé thong qua khao sat cac duon 10 tai
khu vuc va 14.5, cong ty than Khe Cham 3. Két
qua nghién ctru cho phép rut ra cac két luan sau:

(1) Gia tri Tong chuyén vi 16n nhat cua bién
16 khi duong 16 nam hoan toan trong 16p da la
nho hon nhiéu so véi 10 ndm giira hai phan 16p;

(2) Phuong éan 4
phuong an khéc, voi gia tri cuc dai cua chuyén

[a nho nhat so v6i cac

vi trén bién nho hon 8.5mm tai phén vom va
tuong, tai nén xuit hién mot sd pha huy cuc bo
xong khong anh huéng dén do 6n dinh chung

Khung thép SVP 27, budc chéng 0,8m; Neo
CDCT L =2,4m, (axa =0,8 x0,8m); Neo Cap L
=6m (axa =1,6x1,6m);

(3) Truong hop da chira nude véi luu lugng
nudc ngém 16m, khong thuan tién thi cong neo
thi PA1 bé tong cbt ctrng nén dugc su dung;

(4) Trong khi d6 phuong an chéng khac
nhu chdng bang khung thép ving pha hay bao
quang duodng 10 dan dén hién twong pha huy
va phai tién hanh chdng xén sau mot khoang
thoi gian st dung duong 16. Két qua chuyén vi
ciia dit d4 xung quanh duong 16 dugc thé hién
trén Bang 6.

(5) Puodng 16 nam tai trung tAm bai thai - tai
trong phan bd déu co chyén vi trén bén 16 nho
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hon va it hon duong 160 ndm tai bd dbc béi thai -
tai trong phan bd 1éch nén nguy hiém hon.
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NGHIEN CU'U GIAI PHAP DE TANG TAI TRONG KHAI THAC
TREN CAC CONG TRINH BEN CANG BIEN DANG TUONG CU

MOT NEO

NGUYEN VAN VI', NGUYEN VAN BIEN"

Research on solutions to increase the exploitation load on seaport works
in the form of one-anchor pile walls

Abstract: The article presents the results of research on a solution to
replace soft soil in front of the wall with cinder blocks with a thickness
consistent with the increase in the exploitation load on the one-anchor
piling wall wharf seaport works due to function changes or due to invisible
wear and tear of the works. The authors have proposed a method to
calculate the works to overcome the increase in the mining load, including
using the "equivalent beam" method of Blium. The results of the study
determined the minimum thickness of rock to replace the soft soil in front

of the wall corresponding to the increase of the mining load on the wharf.

1. PAT VAN PE

Trong qua trinh khai thac cic cong trinh bén
cang bién c6 thé xay ra nhu ciu ting tai trong
trén bén do thay ddi cong ning hoic do hao
mon vo hinh cua cong trinh gay ra.

Do yéu td phat trién kinh té - xa hoi hodc do
viéc du bao khong day du, khong chinh xac khi
lap cac du an xdy dung cang,... ma dan dén yéu
cau thay d6i cong ning clia cong trinh bén, khi
do, co thé doi hoi phai ting tai trong khai thac
trén bén. Vi du, khi thay doi cong ning ciia bén
tir van chuyén hang téng hop sang van chuyén
container, can truc hién dai c6 tAm véi dén 50 m,
sttcc nang khoang (300 + 600) kN hodc 16n hon,
c6 thé bdc xép dong thoi 2 container ddy hang,
do do tai trong 1én chan can truc rat 16n, co thé
dén (5.000 + 7.000) kN, 16n hon nhiéu so vdi tai
trong 1.200 kN 1én mdt chan & cac can truc thong
thuong bde xép cac loai hang khac. Tai trong cia
1 banh xe tac dung lén dudng ray can truc c6 thé
dén (500 = 600) kN, trong khi tai trong 1én 1

" Trwong Pai hoc Cong nghé Giao théng Vin tdi
S6 54 Triéu Khiic, Ha Noi
Db: 0974 853 495
Email lién lac: vinv@utt.edu.vn

banh xe ¢ cac can truc thong thuong chi 1a (250
+ 350) kN. Tai trong phan bd trén bén thong
thuong khoang (30 + 40) kN/m?, con & cac bén
container khoang 50 kN/m?” hozc 16n hon [2, 5].

Con hao mon v hinh cia cong trinh bén xay
ra do nhitng nguyén nhan khach quan, ma
nguyén nhan chu yéu 1a do nhip do phat trién
nhanh ciia vén tai bién voi viée thay thé thuong
xuyén cac thiét bi boc xép — van chuyén trén
bén va doi tau bﬁng cac thiét bj tién tién hon va
do1 tau hién dai hon véi kich thudc va trong tai
16n hon. Theo cac tai li€u théng ké, trong mot
thoi han phuc vu hay “trong mot vong doi” cua
cong trinh bén cang bién dién ra su thay d6i cua
khoang 2 thé hé doi tau va (3 + 4) thé hé thiét bi
bbe Xép - van chuyén trén bén [7,8, 9]. Piéu d6
dan dén sy can thiét phai ting tai trong khai thic
trén bén, ciing nhu ting d6 sau va chiéu dai cua
cong trinh bén.

Doi hoi tang chiéu dai clia cong trinh bén co
thé co ban khic phuc duoc bang cach thiét 1ap
quy trinh khai thac chat ch€ hon khi dua tau ra -
vao bén. Piéu d6 c6 thé anh huéng dén qua
trinh khai thac cang, nhung khong 16n. Con yéu
cau vé ting d6 sau trudc bén do hao mon vo
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hinh ciing cn phai dugc nghién ciru day du dé
khic phuc. Lién quan dén diéu do, trong [4] da
trinh bay két qua nghién ctru khic phuc hao
mon vO hinh ¢ dang doi hoi tdng d0 sau trude
bén ctia cong trinh bén dang twdng cir mot neo.

Trong bai bao nay trinh bay két qua nghién
ctru giai phap thay thé dat yéu trude tuong bang
d4 hoc v6i chidu day phu hop voi muc do ting
1én cua tai trong khai thac trén cac cong trinh
bén cang bién dang twong cir mot neo do thay
dbi cong ning hodc do hao mon v6 hinh cua
cong trinh gay ra.

2. CAC GIAI PHAP TANG CUONG KET
CAU KHI TANG TAI TRONG KHAI THAC

Trong diéu kién cong trinh bén tuong clir mot
tang neo dang duoc khai thic, viéc ting tai
trong khai thac trén bén dan dén ting gid tri md

men 16n nhat trong tuong mit, ting lyc trong
thanh neo va lam ting kha ning mét 6n dinh cia
cong trinh. Vi thé phai c6 giai phap ting cudng
cho két cau cong trinh bén.

Co thé dé xudt mot sb giai phap chu yéu
sau day.

a) Xay dung hé thong coc trudc tuong mit
(Hinh 1).

Can xdy dung hé thong coc c6 thé lién tuc
thanh tudng hodc cach nhau & day bén trudc
tuong mat va cach twong mot khoang nao do (co
thé tr 1,5 m dén 3 m tuy thudc loai coc va
duong kinh coc). Cac coc ting cudng nay co thé
la coc thép, coc bé tong cdt thép duc san hoidc
coc khoan nhoi. Tuy nhién viéc thi cong coc
dudi muc nude sdu co thé dén hang chuc mét s¢

rat phtrc tap va kho khan.

Hinh 1: Gidi phdp xdy dung hé théng coc trude

twong mat: 1- twong mqt; 2- hang coc tang cuong

b) Xay dung hang coc chin phia dit lap sau
tuong. Tuy nhién truong hop nay gip nhiéu kho
khan do phai khoan hodc dong coc hoac dao
khéi dit lap sau tuong ma trong dé c6 hé thong
thanh neo. Khi vat liéu lip sau tuong 1a da hoc
thi giai phap ndy gan nhu bt kha thi hoic rat
t6n kém.

¢) Su dung vat liéu dia phuong nhu da hoc
dé thay thé dat yéu trudc tuong (Hinh 2).

Day 1a giai phap don gian va kha thi nhat dé
tang cudng kha ning cia két ciu tudng cir mot
neo nham dap umg nhu cau ting tai trong khai
thac trén cac cong trinh bén cang bién do hao
mon vo hinh hodc do chuyén dbi cong ning cua

Hinh 2: Gidi phdp sir dung dé hoc dé thay thé
dat yéu truée twong: 1- twong mdt; 2- da héc

bén. Tuy nhién, khi thi cong can giam hoan toan
tai trong trén bén, ciing nhu phai kiém tra do
bén va 6n dinh cta cong trinh khi dao dét trude
tuong mat, va khi can thiét phai co giai phap
chdng d& hodc neo giir tuong.

Khi thay thé dat yéu truéc tudng cin xac
dinh chiéu day d4 hoc phu hop v6i mirc d6 ting
lén cla tai trong khai thac trén bén so véi tai
trong thiét ké, dam bao cho cong trinh lam viéc
an toan trong qua trinh khai thac tiép theo.

Phuong phép nghién ctru xac dinh chiéu day
da hoc phu hop voi muc d tang I1én cua tai
trong khai thic trén bén dugc trinh bay trong
Muc 3.
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3. PHUONG PHAP NGHIEN CUU

3.1. Vé phwong phap “dam twong dwong”
ciia Blium dé tinh twomng cir mot neo

bé dat duge muc dich nghién clru, cac tac gia
da st dung phuong phap “dam twong dwong”
cta Blium dé tinh toan cong trinh bén tuong cir
mot neo va lap chuong trinh tinh toan.

No6i dung phuong phap “ddm tuwong duong”
ciia Blium da dugc trinh bay chi tiét trong [1, 3,
6]. Duéi day 14 ndi dung tom tit cia phuong phap.

Khi nhan xét biéu dd mémen ubn trong tudng,
duogc thé hién trén Hinh 34, Blium cho réng: néu
biét vi tri diém c6 mémen béng khong O, cach mat
dat trude twong mot khoang z, nao dé, thi viée tinh
toan tuong xét dén sy ngam cia tuong trong dat sé
trd nén don gian hon. Khi nghién ctru cach gidi
chinh x4c bai toan, Blium da tim duoc su phu
thudc ctia d6 sau diém O vao gdc ma sit trong clia
d4t va chiéu cao twong (Hinh 4) [1, 6].

aj b
g

Sau khi x4ac dinh dugc diém O, tic xac
dinh dugc z,, luc neo R, dugc xac dinh tir diéu
kién: tbng momen ddi voi diém O cua tat ca
cac lyc tac dung phia trén diém nay bang 0
(Hinh 3a). Khi biét luc neo R,, dung phuong
phap mit cat c6 thé xac dinh duoc vi tri va gia
tri momen 16n nhét trong nhip twong M.
Sau d6 tinh luc cat 0, tai tiét dién c6 moémen
bang 0 theo diéu kién: téng cac luc nam ngang
tac dung 1én phan tuong phia trén diém O, ké
ca luc neo R,, bang khong. Va cudi cung, do
sau chon tuong ¢, dugc xac dinh tu diéu kién:
tong moémen ddi véi diém dudi cung cia
tuong O; cua luc O, va cac ap luc dat chu
dong va bi dong cua cac phan biéu d6 dudi
diém O bang 0, doéng thoi phai dam bao diéu
kién mémen 16n nhat trong nhip tuong Mpax
xép xi béng mo men 16n nhat trong dat Mipaxa

(Mmax = maxd)-

¢}

hy Vil
A I

TE _,Qg ) -
le c 0 @ai » :1a5 e
/;.' /el
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Hinh 4: Dé thi dé xdc dinh diém

Hinh 3: Tinh toan twong cir mém mot neo: a) so do tinh toan,

b) biéu @6 mé men uén; c) truc dan hoi cia twong: I- trude
bién dang; 2- sau bién dang [1, 3]

c6 mémen bang khéng theo
phuwong phap cua Blium [6]

Nhu vay cac tham sé co ban cia tudong cir 1
Ry, to, Minax, Mmaxa d2 duoc xac dinh. Ngoai ra,
ciing xac dinh dugc cac tham sb tinh toan khac
ciia cong trinh tuong cr mot neo nhu mdé men
tai gdi neo, luc kéo trong thanh neo, dudng
kinh va chiéu dai thanh neo, mé men do bén
twong mat,...

3.2. Phwong phap xac dinh chiéu day da
hoc thay thé dit yéu khi ting tai trong
khai thac

Khi khai thac, cong trinh bén 1am viéc trong
diéu kién: tai trong khai thac bang tai trong thiét
ké q = qu, con chiéu day thay thé dat yéu hy = 0.

Khi ting tai trong q = qu+Ag; thi can xdc
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dinh chiéu day téi thiéu cua 16p da hoc thay thé
dat yéu trudc tuong hgmin sao cho dam bao cong
trinh duoc khai thac binh thuong nhu d3 thiét
ké, nghia 1a ¢am bao cac diéu kién:

t,=(0,95+1,0),.; (1)
R <R, _; 2)
Mmax S Mmaxc 2 (3)

trong do6 1), Ry, Mmax— céac gia tri do tinh toan
khi tang tai trong khai thac; #)., Ry, Mmaxe — Cac
gia tri do thiét ké xay dung, tirc 1a truong hop
khong thay thé dat yéu (hg = 0) va chua ting tai
trong khai thac (q = qu; 49 = 0).

So db tinh cong trinh twdng cir mot neo khi
tang tai trong khai thac Aq va thay 16p dét yéu
bang d4 hoc voi chiéu day hy duoc thé hién trén
Hinh 5a.

Duéi day trinh bay phuong phap xac dinh
chiéu day téi thiéu ctia da hoc thay thé dat yéu
khi ting tai trong khai thac trén bén.

1) Véi mbi gia tri chidu day da hoc thay thé
dat yéu trude tudng clr by xac dinh mic ting
thém 16n nhit c6 thé cua tai trong khai thac hay
tai trong tdng thém gidi han Aq, (xem Hinh 6).
Trong bude nay, cho trudc mot gia tri cua hy va
murc tai trong ting thém Ag; ngoai tai trong thiét
ké gu, tinh toan cong trinh tudng cir mdt neo
theo phuong phip “dim twong duong” cia
Blium, xac dinh duoc 7y, R, M. khi ddm bao
momen nhip My,x va momen ngam M axq xép X1
bﬁng nhau, nghia 1a: Myax~Mmaxa- Déng thoi,
khi tang tai trong khai thac va thay thé dat yéu
trude trong bang da hoc voi chiéu day Ay, cong
trinh phai lam viéc an toan, nghia la phai dam
bao cac diéu kién (1), (2), (3).

Tuy thudc cac gia tri tinh toan dugc ma xay
dung biéu dd quan hé gitta #p;, Ryiy, Myax VO cac
Agq;, tu do so sanh chon dugc 4g; nho nhét, d6
chinh la 4gg, (xem Hinh 6). Khi hai trong céc

diéu kién (1), (2), (3) dugc dam bao thi chi xay
dung biéu do quan hé cua hodc #y;, hodc R,

hodc Myaxi vO1 4q;.

\ Va1:Pa1:Ca1

H, 1 2O

fal=¥al="al

;gal

P
\ Yoz @y3.Coz |Ma3

Vaa = Vas
Pug= W3-

€y =Cp3

Mz |

At

Hinh 5: Tinh todn céng trinh bén twong cir mét
neo: a) so' do tinh khi tang tdi trong khai thdc
va thay 16p dat yéu bang déa hoc véi chiéu day

ha; b) bieu do mo men uon

Trén Hinh 6 thé hién quan hé gilra cac #y; voi
Agi. T vi tri 5. (diém A) trén truc tung - 1a
chiéu sdu chon tuong fy. da dugc xac dinh theo
thiét ké - v& duong ndm ngang gip dudng quan
hé gilra cac Aq; va ¢ty tai diém B, qua diém B vé
tia thang dung gip truc hoanh tai diém C, d6
chinh 1a gia tri cua mtrc tai trong tang thém gisi
han A4qg,. Quan hé gitta cadc R, hodc M voi
cac 4q; cling dugc thé hién tuong tu.

Nhu vay, véi mot gia tri cua hy xac dinh
dugc mot gid tri tai trong tang thém gidi
han Aqgp.

2) Xay dyng biéu dd quan hé giita cac chiéu
day 16p da dinh trudc hy va cdc muc tai trong
tang thém giéi han 4qg,, da xac dinh duoc ¢
budce 1 (xem Hinh 7).
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Hinh 6: Xac dinh murc tai trong tang thém gioi
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Hinh 7: Biéu do xdc dinh chiéu day t6i thiéu

han Aqgy véi mét chiéu day I6p dd hoc hadinh — hamin clia I6p dd héc thay thé dit yéu dé dap iimg

trueée: tye- chiéu sau chén twong ty tir thiét ké;
Aq; - mike tdi trong tang thém cho trude dé xdc
dinh dwoc ty;

3) Tir nghién ctru thay ddi cong ning cua
bén hodc hao mon v6 hinh cua cong trinh xac
dinh dwgc muc yéu ciu ting tai trong khai
thac Agy, dit gia tri Agy (diém Y) trén truc
Aqgp trong biéu dd hy va Aqgn (Hinh 7). Qua
diém Y Gng v6i gia tri Agy ké tia thing diung
gdp duong quan h¢ gilta sy va Aqg, tai diém H,
tr H ké dudng ndm ngang cit truc tung tai
diém G, diém d6 twong ung la gia tri chiéu
day toi thiéu hgmin cua 10p da hoc dé dap tng
yéu ciu ting tai trong khai thac trén bén Agy
do thay d6i céng ning ctia bén hodc do hao
mon vo hinh cua cong trinh.

3.3. Lap chuwong trinh tinh toan TC-
AHMYVH-2

Dé phuc vu nghién ciru giai phap két cau dap
mg nhu ciu ting tai trong trén bén do thay doi
cong nang hodac do hao mon vo hinh cua cong
trinh, PGS.TS. Nguyén Vin Vi da lap chuong
trinh tinh todn TC-AHMVH-2 trén co soO
phuong phéap “dam twong dwong” cia Blium.
So d6 khéi dé xay dung chwong trinh tinh dugc
thé hién trén Hinh 8.

yéu cau ting tdi trong khai thdc trén bén Aqy

Vao lai dg
|
Vao lai s, -
M VAO =z, f5e, R, Mz |
> Moy =0

HAC BINH Moo

HAC BINH £, Meoa |

KIEM TRA DK
M = (405 ) Mg

KIEM TRA CAC BK-
L= (093+1)i,
K= R..
Moay = My,

DUARA GIATRIdg VA
CAC THAM 30 KHAC

Hinh 8: So do khoi ciia chwong trinh tinh todn
cong trinh twong cu mot neo TC-AHMVH-2:
tocy Rac, Myaxcla cac gia tri cii da dwoc xac dinh
khi thiét ké

DIA KY THUAT SO 1 - 2023

51



4. KET QUA AP DUNG TINH TOAN

4.1. Ciac s6 liéu dwa vao tinh toan

Tir cac két qua nghién ciru duoc cong bd
trong [3], céc tac gia di phan tich va chon chiéu
sau gén neo h, = 0,25H,, voi H, la chiéu cao
tuong. Ung voi mot chiéu day 7, xét cac truong
hop ting tai trong g, = qu+ 4q..

Trong Bang 1 1a cac sé liéu dugce dua vao
tinh todn cong trinh bén tuong cur mot neo,
trong do6 gia tri cac dai luong cua cac truong

hop tinh toan khong ddi, chi c6 Adg va hy
thay doi.

4.2. Cac két qua tinh toan

St dung Chuong trinh tinh TC-AHMVH-2 dé
tinh toan cong trinh bén tuong cir mot neo cho
cac trudng hop ké trén. V6i mdi truong hop tinh
toan déu dua ra két qua tuong ty nhu trong
Bang 2. Trén Hinh 9 thé hién d6 thi xac dinh tai
trong tang thém gidi han khi ;= 2,0 m: Agg =
8,20 kPa.

Bang 1: Cac s6 liéu dwoc dwa vao tinh toan (xem Hinh 5)

Tham s6 tinh toan Gia tri Tham sb tinh toan Gia tri
3
H, (m) 10 V4 (KN/m?) 10
h, (m) 2,5 ?,, (d9) 32
h,, (m) 2,2 ¢,, (kPa) 0
3
h, (m) (2,0-3,00m 7y (KN/m”) 11
h,, (m) 4 @, (d9) 40
3
h,, (m) 6 7.5 (KN/m”) 11
3 ~
Vo (KN/m”) 15,62 P, (d0) 15
@, (d0) 35 ¢,; (kPa) 10
¢, (kPa) 0 q, (kPa) 40
Bang 2: Vi du két qua tinh toan véi R, (RN/m)
hd = 2,0 m; Aq = (5; 10) kPa; Aqen= 8,20 kPa 21145
(xem Hinh 9) 210
R..=206,71
KET QUA TINH TOAN
hd(m)=2.00; deHt(m)=0.00; delq(kPa)=10.0; z0(n)=2.806 w;ig
t ! ' :
t THAM SO TINH TOAN t GIA TRI t
t t t
t  LUC NEO TT Ra KN/m? 211.4503 ' 100
H LUC NED TK Rac kN/m? 206.7100 H 3 4 3 G 7 8.{](35},13 0 11 Ag ﬁ'chJ
t  LUC TRONG THNED Ras  kN? 7992820 '
t  MOMEN TAI CTR.NED kNm/m? 47.2625 '
t  Mmax TRONG NHIP  kNm/m? 444.4002 ' . e .. 9 .
t Mnaxd TRONG NGAM  Ktin/mt ~444.0992 ' Hinh 9: Do thi xac dinh tai trong tang thém
t  Mmaxc TR.NHIP TK  kNm/mt 4968200 t S ) -
t  Zmaxn TRONG NHIP nt 3.7646 ; gioi han khi hq= 2,0 m: Aqgn~ 8,20 kPa
t  Zmaxd TRONG NGAM nt 5.0136 '
t DD SAU CH.COC tO nt 11.2352 ' . s
t DD SAU CH.COC TK t0c  m! 11.4300 t Nhu vay, d61 véi moi chiéu day da hoc A,
t  DUONG KINH THNED d t 6.6614 t X o4k, A . . A e
*  CHIEU DAI THNED Lnco  m! 18.3239 v thay thé dat yeu trude tuong déu xac dinh dugc
t KN CHKEO CUA TNED Rar kN? 801.1735 ' e gA x A
t DO BEN T.MAT Mp  kNm/m? 840.4000 , MUuC tai trong tang’ thém gi6i han A_qgh' Tro.r‘1g
t t  Bang 3 trinh bay két qua tinh toan véi cac chiéu
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day da hoc thay thé dat yéu trude tudng sy khac
nhau tuong Gng va&i cac tai trong khai thac tang
thém gid1 han Aggy,.

Bing 3: Tong hop két qua xac dinh tai trong
khai thac ting thém giéi han Aqg,

Chiéu day da hjc Cuwong do tai trong
thay the dat yeu khai thac ting thém
trudc twong hg (m) | giéi han Aq,, (kPa)

2,0 8,20

2,2 10,50

2,4 12,65

2,6 15,15

2,8 17,50

3,0 20,07

Tir két qua trong Bang 3 c6 thé vé biéu do
quan hé giira chiéu day da hoc thay thé dit yéu
trude twong sy va cuong do tai trong khai thac
tang thém gié1 han Aq,, trén Hinh 10.

Ttr biéu dd quan hé giita h, va Aqgp trén Hinh
10 ¢ thé xac dinh dugc chiéu day da hoc tdi
thiéu hgmi» dap Gmg yéu cau ting tai trong khai
thac Aqy. Vi du, yéu cau ting tai trong khai thac
trén bén thém mot lugng Agy = 15 kPa thi chiéu
day da hoc thay thé dat yéu trude twong t6i thiéu
hdm,-,,z 2,59 m.

hgm)

3,0

28

;
Ramin

24

20 5
;

18 i 4
6 2 0 12 I4dey 16 18

22 dgou(kPa)

Hinh 10: Xdc dinh chiéu day da hoc 16i thiéu
hamin dap vng yéu cau tang tdi trong
khai thac Aqy: vi du, khi Aqy = 15 kPa thi
hdmmz 2, 59m

5. KET LUAN

1) Do céc tién bd khoa hoc — cong nghé
trong nganh van tai bién hodc nhiing nguyén
nhan khac ma cong trinh bén cang bién co thé bi
thay dbi cong ning hodc bi hao mon vo hinh &
dang yéu cdu phai ting tai trong khai thac trén
bén hodc ting do sau va chidu dai cong trinh
bén, vi thé doi hoi phai nghién ctru va cé giai
phép khic phyc.

2) Véi mdi chiéu day 16p da thay thé dat yéu
hy chi cho phép tang tai trong khai thac trén bén
dén mot gia tri gioi han Aqgh .

3) Phuong phap dwoc cac tic gia dé xuit
cho phép xac dinh chiéu day tbi thiéu cua 16p
da thay thé dat yéu trudc tuong cu Agmin dé co
thé dap ung muc ting cua tai trong khai thac
trén bén.

4) Két qua nghién ctru khong chi dua ra giai
phap c6 thé khic phuc hao mon vé hinh coa
cong trinh bén tudng cir mot neo & dang yéu cau
ting tai trong khai thac trén bén, ma con cho
phép ap dung dé cai tao nang cap, hoic thay doi
cong ning cua cong trinh bén.

5) Khi thi cong thay thé dat yéu bang da hoc
trude cong trinh bén phai c6 bién phap dam bao

tuyét ddi an toan cho cong trinh.

Loi cam on: Nghién ciru nay duoc tai trg boi
Truong Pai hoc Cong nghé Giao thong Van tai
trong khudn kho Dé tai Trong diém cép Truong,
ma s6 DTTD2022-08.
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NGHIEN CUU ANH HUONG CUA KHACH SAN DAEWOO
HA NOI DEN NOI LY'C TRONG VO HAM METRO TIET DIEN
CHU’ NHAT CONG TRONG DIEU KIEN DAT DA PHAN LOP

DPANG VAN KIEN", AUGUSTIN BRACCO",
VU TIEN DUNG™

Research on stability of metro tunnel lining in the sub-rectangular shape
based on numerical analysis: A case study in Ho Chi Minh metro project
Abstract: The Hanoi Metro Pilot Light Line 3 is part of the new metro
tunnel project for Hanoi capital. The construction works in this contract
include a twin bored tunnel running parallel, with a distance ranging from
12 to 35 m. The 2.6 km twin tunnels will be bored by two 6.3 m diameters.
Even though a lot of works have been done to develop tunnel lining design
methods with circular cross-section tunnel, it can be found that most of the
analyses assumed that the tunnels are excavated in only one homogeneous
soil. However, in real scenarios, it is very rare to meet tunnels built in only
one layered soil. In most cases, layered soils are encountered which
induces variations in terms of geomechanical properties (soil unit weight,
Young modulus, cohesion, and friction angle) for each sub-layer.
Moreover, the Hanoi aquifer system and groundwater extraction make the
soil subject to land subsidence during tunneling. Therefore, an accurate
study the impact Hanoi Daewoo Hotel on metro tunnel excavation on is
needed. This paper presents above impact in multi-layered soils in Hanoi,
which is the most accurate representation of Hanoi Metro Pilot Light Line
3 actual soil by numerical simulation by Rocscience -RS2- Phase’
software.

1. MO PAU

Theo Quy hoach chung xay dung Thu d6 Ha
Noi dén nam 2030 va tdm nhin dén nam 2050
duoc phé duyét tai Quyét dinh sé 1259/QD-TTg
ngay 26/7/2011, mang ludi duong sit do thi
gom 8 tuyén véi téng chiéu dai khoang 318 km.
C6 9 tuyén duong duoc quy hoach va phat trién
trong quy hoach néi trén nhu Bang 1.

Cac doan duong him trong tuyén tau dién

Truwong Dai hoc Mo - Pia chat
S6 18 Phé Vién - Phwong Purc Thang - Q. Bdc Tir
Liém - Ha Noi
" Aix-Marseille Université (France)
™" 8¢ Xdy dung tinh Ba Ria - Viing Tau
Email: dangvankien@humg.edu.vn

Nhén - Cat Linh - Ga Ha N6i duoc thi cong
bang phuong phap st dung may dao TBM
(tuyén s 3) nhu Hinh 1. Viéc sit dung phuong
phap thi céng bang TBM két hop v6i vo hadm
lap ghép dugc danh gia 1a kha thich hop cho khu
vuc dat nén cua trung tim Ha Noi cling nhu véi
quy md thi cong cic duong ham thudc tuyén
metro s6 3. Cac duong him s& duoc dao va
chéng d5 ngay bang vo lip ghép lam bing bé
tong cbt thép duc sin, didu nay sé lam ting tdc
do thi cong cac tuyén duong, dong thoi dam bao
cac yéu cdu vé an toan, k§ thuit va moi truong
khi thi cong trong khu vuc trung tdm, cic cong
trinh van hoa lich sir trén bé mit va tap trung
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nhiéu dan cu va cc cong trinh quan trong khac.
Tai thoi diém hi¢n tai, TBM da duogc dua vao
chuan bi sin sang tai ga S9 — Kim M3 gin

Note: === Elevated station
mx@sm  Underground station

= Elevated section
mmmm Underground section

khach san Hanoi Daewoo Hotel dé thi cong
tuyén duong ham thudc tuyén sd 3 voi tong
chiéu dai 4,0 km nhu Hinh 2 [1-2, 11].

A DIRECTIONTO NOI BAI AIRPORT \

|
WEST LAKE

Hinh 1: So do cdc nha ga trén cao va tuyén so metro 03, dir dn dwong sdt metro Ha Nji
(Urbanist Hanoi, 2018) [2]

Hinh 2: Mdt bang va nha ga tuyén ham metro sé 3 — dw dn metro Ha Noi [3-7]

Trong hau hét cac truong hop, dia chit
tuyén ham dao qua thuong gdm dat da nhiéu
16p c6 su thay d6i vé cac dac tinh dia co
(trong luong thé tich, moé dun dan hoi, luc
dinh va gdc ma sat) ddi v6i mdi 16p. Hon nita,
hé thong ting chira nudc va khai thac nuéc
ngam cua Ha Noi ¢6 thé dan dén dat co thé bi

sut lan bé mat khi dao hdm. Do d6, mot
nghién cru chinh xac vé Gng xir ciia duong
ham chit nhat cong trong diéu kién dat da
phan 16p 1a can thiét. Bai bao trinh bay két
qua nghién ctru ng xir ciia vo him metro tiét
dién chir nhat cong trong diéu kién dit da
phan 16p thuc té tai khu vuc Ha Noi béng
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phuong phap mé hinh sé théng qua phan mém
Phase’.

Trén Hinh 3 gidi thi¢u vi tri tuong quan
ciia khach san voi tuyén him metro sé 03 1a

25m véi cac thong sd: 15 tang; chiéu rong la
20m; d6 sau dit ham 1a 20m; K = 0,6; d6 sau
nudc ngém 5,0m; chiéu day 40 cm; mac bé
tong C35.

Hinh 3: Hién trang khach san Hanoi Daewoo

2. CAC PAC PIEM VE PIEU KIEN PIA
CHAT, PIA CHAT THUY VAN KHU VUC
PAT PUONG HAM METRO TUYEN SO 3
DU AN METRO HA NOI

Khu vuc dit duong him metro tuyén sb 3
du an metro Ha N¢i thudc khu vyc trung tam
Ha N6i ndm trén luu vuc cia song Hong, qua
cac tai liéu khao sat cling nhu cadc mau khoan
thi nghiém, c6 thé két luan khu vuc tir mat
dat dén do sau khoang 50 m la dat va duge
chia ra lam 6 16p dac trung. Dudi do sau 50
m cua khu vuc trung tam Ha No1 1a 16p da

gbc bén virng. Do dudong him thudc hé théng
tau dién ngém ciia Ha Noi duge thiét ké nim
0 do sau dao dong H=10+20 m nén viéc
nghién ciru tap trung vao c6 dinh chiéu siu
hdm tai H =15m trong mot loai dat da, chiéu
day vo chdng thay d6i. Cac 16p dat thyc té
trong khu vuc dit tuyén dudng hdm metro
tuyén s6 3 du 4n metro Ha Noi co6 cac dic
tinh dugc xac dinh thong qua cac thi nghiém
nhu Bang 1. Tric doc dia chat tuyén metro
s6 3 (theo Giao et al., 2018) [4-5] duogc thé
hién trén Hinh 3.

Bang 1: Pic tinh dia chit co ban ciia khu viee dit tuyén metro sé 03, Ha Ni [2]

P Module dan o Chiéu day A Dung trong A
So thwr xe . Heé so L Chiéu sau L Muc nude
i hoi cua cac . cua cac L, cua cac lop N
tu lop 1o dht. E Poisson Lo dt cuia cac akt ngam trung
. a a ‘ a
it opaab B | u op 16p dit, m i binh, m
MPa (h), m g/cm3
1 9,25 0,41 4,6 4,6 1,75
2 7,68 0,38 1,1 5,7 1,76
3 15,3 0,35 11,8 17,5 1,81 30
4 35,02 0,33 12,5 30 1,78 ’
5 53,9 0,32 11,0 41 1,83
6 65 0,3 7,0 48 1,86
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Elevated

Underground

Elevation (m)

BH1 BH2 BH3 BH4 BHS BHE

BH7 BH14

BH15 BH18 BH17

Distance (Km)

Layer 1 Filling soil

- Layer 3 Soft clay

0
00

Layer 2 Siff to very stiff === | ayer 4 Medium to dense silty sand
- P v "

02 o081 048

‘ Layer 5 Dense to very dense
fine to medium sand mixed gravel

- Layer 6 Cobble, gravel
mixed sand

Hinh 4: Trdc doc dia chat tuyén metro sé 3 (Theo Giao et al., 2018) [4-5]

3. CAC PAC PIEM CUA PUONG HAM
THUQC HE THONG METRO SO 3, DU AN
METRO HA NOQI

Pic diém coa hdm coa hé théng tau dién
ngam Ha Noi tai trung tim Ha Noi: duong ham
tau dién ngdm Ha Noi c6 d6 sau tir 15 - 30m so
v6i mat dat. Vo ham dugc lam bang bé tong cdt
thép 1ap ghép véi cac dic diém: mo dun dan hoi
E; = 35000 MPa; Poisson’s ratio v; = 0,15; chiéu

day vo chéng him d, = 0,5 m. Tuyén dudng
ham duoc thi cong voi hai duong ham co kich
thudc nhu nhau va co tiét dién ngang 1a hinh
tron bang phuong phap st dung may dao TBM
theo thiét ké. Cac két cAu chéng bang bé tong
cbt thép phan doan s& duogc tién hanh lip dat
ngay trong qud trinh dao va thi cong duong
ham. Cac thong sb vo chéng va dit da duoc thé
hién trén Bang 2.

Bang 2: Cac thong sé dau vao cho trudng hop nghién ctru [8-10]

Cic thong s6 clia vé him Ky hiéu Pon vi Gia tri
M6 dun dan hoi E MPa 35000
Hé $6 Poat-xong V] - 0,15
Chiéu day vo t m -
Duong kinh ngoai D m 9,76
Dung trong kN/m’® 14,4
Do cing Ex kN/m 2,4x10’
Do cing khi udn EL kNm?*/m 7,2x10°
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Bang 3: Céc thong sé dau vao ciia cac 16p dit da cho trudng hop nghién ciu [8-10]

Khoi Hesh | G . He <&

Chiéu lwgng Young's ¢ 50 oc’ ma ’l.rc ¢soap
.oz . 2 Poat- sat dinh luc

Lop dat day, the modulu, . < :
H (m) tich E (MPa) xong, trong, ket, ngang,
s z ¢ (0) |C(kPa)| KO
p (kg/m’)

Dét phu 6,5 1900 - 0,3 23 - 0,47
Lop 1: GU3 &4 5,5 2000 8 0,3 20 5 0,66
Lop 2: GUI sl 2,5 1850 12 0,3 25 10 0,58
Lop 3: GUL_s2 2,5 1900 50 0,3 25 25 0,58
Lop 4: GUSa 10,5 2000 55 0,3 34 25 0,44
Lop 5: GU7 &S 72,5 2100 75 0,5 38 25 0,36

3. XAC PINH MAT CAT NGANG KHI
SU DUNG TIET PIEN PUONG HAM
HINH CHU NHAT CONG CHO PUONG
HAM METRO TUYEN 03 NHON - GA
HA NOI

Dya trén TCVN 11793 : 2017 [12], kich
thuéc khd hdm metro lan dd6i nhu Hinh 5.
Phuong phép xac dinh mit cit ngang dudng
ham hinh chir nhat cong ta xac duoc cac thong
s6 co ban ciia duong ham nhu Bang 3. Puong
him metro véi tiét dién ngang hinh tron cé wu
diém 1a d6 6n dinh cia két cau vo chéng duong
ham 16n, d& thi cong bang co gidi (khién dao)
nén duoc st dung nhiéu trong thuc té. Tuy
nhién, hé sb st dung tiét dién tiét dién ngang (ty
sb gitra phén dién tich thuc té st dung va dién
tich dao) cua tiét dién trén nho. Ngoai ra, dé
dam bao yéu cau c6 hai lan duong him metro
chay nguoc chiéu nhau trén cing mét tuyén,
phuong 4n hai dudng ham dao song song
thuong dugc su dung (vi du: dy an Nhén - Ga
Ha Nbi, du 4n Bén Thanh - Sudi Tién va nhiéu
du an khic trén thé gioi). Pidu nay lam ting
khéi lugng dao va chong giir cac dudng ham.
Dé khéc phuc cac nhuge diém cta phuong an sir
dung duong ham tiét dién tron, dudng ham tiét
dién ngang hinh chir nhat cong (két hop giita
hinh tron va hinh chir nhat “sub-rectangular”) da

va dang dugc chi y nghién ctru va lya chon st
dung. Loai hinh tiét dién nay cho phép nang cao
hé sd st dung hitu ich dién tich tiét dién ngang
so v6i duong ham hinh tron, dong thoi tranh
duoc su tip trung ng suit & bon goc so véi tiét
dién hinh chit nhat. Mat khéc, tiét dién chit nhat
cong ciing thich hop khi thiét ké hai lan duong
tau chay trong cing mot dudng him nho giam
chi phi dao va chéng gitr dudng ham do giam
tong khéi luong dao. Ngoai ra, tiét dién hinh
chir nhat cong ciing phu hop dé ap dung cho 16
vao metro, duong danh cho nguoi di by dudi
long dat. Mac du c6 nhiéu wu diém trong sir
dung d3 duogc chi ra nhung dén nay cac két qua
nghién ctru tinh toan do on dinh ciia vo chéng
lip ghép tir cac cAu kién bé tong dic sin bén
trong duong ham tiét dién hinh chit nhat cong
con rat han ché va méi cha yéu ding lai ¢ cac
két qua thuc nghiém trong phong thi nghiém
trén mo hinh kich thudc thuc hodc mo hinh thu
nho, chua c6 phuong phép tinh toan 1y thuyét
hoan chinh dugc dé& xuét. Cac chi dan thiét ké
trong cac bg tiéu chuan thiét ké chuyén nganh &
cac nudc trén thé gidi cho loai hinh vé chdng
nay ciing chua duoc dé cap. Do d6, viéc nghién
ctru, d& xuat mot phurong phap tinh méi cho két
cau vo chdng lap ghép bén trong cac duong ham
metro tiét dién ngang hinh chir nhat cong bang
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phuong phép s6 nham muc dich tinh toan, toi uu
hoa cac thong sb mit cit ngang trong qué trinh
thiét ké duong ham metro tiét dién cong, dac

Bién sit dyng ciia him metro

5500

260, 1680 | 1680 !?60_‘
|

Hinh 5: Tiét dién sir dung ham metro tiét dién
lan doi theo TCVN 11793 : 2017 [12]

biét 1a trong diéu kién dia chat phan 16p nhu Ha
No6i va TP. H6 Chi Minh. Kich thuéc ctua dudng
ham duogc thé hién trén Bang 3 va Hinh 6.

7.48

6.20

Hinh 6: Kich thudc dwong ham tiét dién hinh
chit nhdt cong

Bing 4: Cac thong s hinh hoc ciia dwong him

Chidu rén (B) (m) Chiéu cao dwong Hé sf'); R, R, R3 Dién
ong ham (H,) (m) B/H; (m) | (m) | (m) | tich (m?)
9,70 7,20 1,347 9,95 | 1,00 | 535 | 59,786

So d6 xac dinh 4p lyc 1én dudng ham theo
gia thuyét cia Terzaghi. Su dung phwong phap
s6 thong qua phan mém Phase2 tinh cho truong
hop him chit nhat cong vé6i kich thude di xac
dinh v6i dang vo ham lip ghép c6 chiéu day
thay doi.

4. PANH GIA TAC PONG CUA THI
CONG HAM METRO TIET DIEN
CHU NHAT CONG TRONG PIEU
KIEN PAT PA PHAN LOP PEN ON
PINH PEN ON PINH CUA KHACH
SAN DAEWOO HA NOI

Trong nghién ctru ndy nhom tac gia tién hanh
danh gia tac dong cua thi cong hdm metro tiét
dién chir nhat cong trong diéu kién dat da phan
16p dén 6n dinh dén 6n dinh cua khach san
Daewoo Ha Noi ciia vé him khi ham dao trong
diéu kién phan 16p théng qua phin mém

Rocscience -RS2- Phase? software. Dé danh gia
danh gia tic dong cia thi cong ham metro tiét
dién chir nhat cong véi chiéu day vo ham bé
bong ldp ghép khi ¢ trang thai lam viéc duoc gia
dinh 12 mot 16p vo lién khdi c¢6 chiéu day 50 cm,
ta st dung phuong phap sé théng qua phuong
phép phan tr hitu han bang phan mém chuyén
dung Rocscience -RS2- Phase’. Phin mém
Phase’ ban quyén c6 kha ning mé phong qua
trinh khai dao dat d4 va lip dung két ciu chéng
gift hAm metro véi cac loai két ciu chdng giir 1a
dién hinh 12 bé tong phun (Shotcrete) va neo d4
(Rockbolt) véi mé hinh Fully Bonded, neo cap
(Cable bolt) véi md hinh Plain Stran Cable.
Phin mém cling chi ra muc do 6n dinh coa vo
ham théng qua hé s6 bén (Strength factor), viing
déo xuét hién xung quanh duodng 10 ciing nhu
gia tri néi lyc 16n nhét dat duoc trong h¢ théng
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két ciu chéng giit duong him gdbm md men 16n
nhét trong vo bé tong lap ghép, bé tong phun,
khung thép, m6 men udn va luc doc xuat hién
16n nhat trong thanh neo (néu c6 st dung). Mo
hinh pha huy vat liéu sit dung dé mé phong
trong nghién ctru véi dit da, bé tong vo ham
dugc gid dinh tuan theo m6é hinh déo Mohr —
Coulomb.

*) Xay dung mo hinh, diéu kién bién va
truong tng suit ban dau

Kich thudéc vuing mo hinh hoa 2D: vung anh
huéng sang bén trai, bén phai va phia dudi
duong 16 trong ting da gbc duoc chon bing
bang 30 lan chiéu rong ham metro (theo kinh

nghiém) nhim dam bao mo hinh diéu kién thyc
té va dam bao do chinh xac ctia md hinh sd.

Diéu kién bién: canh thfmg dung bén trai, bén
phéi bién ving anh hudéng cho phép dich chuyén
theo phuong thing ding, khong cho phép dich
chuyén theo phuwong ngang. Canh nim ngang
dudi day bién vung anh hudng khong cho phép
dich chuyén theo phuong thing ding va phuong
ngang. Canh nim ngang phia trén bién ving anh
huong dé ty do, cho phép dich chuyén theo
phuong ding va phuong ngang.

*) Cong tac khai dao ham metro va lap dat vo
ham trong mé hinh sb, cac giai doan tinh toan
mo phong duogc thé hién trong Bang 4 dudi day.

Bing 5: Cic giai doan md phéng trong tinh toan két ciu chéng dwong 16

Giai doan Cong viéc

Giai doan 1 Xay dung diéu kién bién, truong tng suat ban dau.

Giai doan 2 Giam modun dan hdi ctia ‘khéi da phia trong bién ham metro dé chii y dén bién
) dang xung quanh duong ham sau khi dao va lap dung vo ham bé tong

*) Pac tinh dat d4 va cac théng sd dau vao

Déi twong nghién ciru 1a vo ham metro tiét
dién chir nhat cong dao qua dat da voi cac
treong hop khac nhau cé cac dac tinh co ly
d4 khac nhau tai tuyén metro s6 03 ctua Ha
Noi nhu Bang 3. Nghién ctru duoc tién hanh
dya trén viéc moé phong him metro tiét dién
chit nhat cong sy anh hudng cua khach san
Daewoo Ha Noi dén noi luc trong vo ham
trong diéu kién dat d4 phan 16p. Xuat phat tir
diéu kién dia chat thuc té tai tuyén hadm metro
s6 03 v6i cac 16p dat da c6 bé mit phan 16p
uén luon nhu Hinh 3, duong ham dao ¢ do
sdu 20-30 m. Két qua sy chuyén dich va hé
s6 bén cua dit nén phia duéi Daewoo Ha
Noi, xung quanh vo ham dugc thé hién trén
Hinh 7 va Hinh 8.
trong vo chdng tir ba mo hinh duoc thé hién
trén Hinh 9 = Hinh 11.

Két qua gia tri noi luc

Hinh 7: Sw chuyén dich ciia ddt nén phia dudi
Daewoo Ha Ngi, xung quanh vé ham

{

-

Hinh 8: Hé so bén cua dat nén phia duoi
Daewoo Ha Noi, xung quanh vo ham
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Luc doc (kN)

0 5 10 15 20 25 30 35

Khoang cach doc truc (m)

Hinh 9: Biéu dé luc doc trong vo ham metro chir
nhdt cong g&n voi khach san Daewoo Ha Noi

Mo men

M6 men (kN.m)
]

—&— DAEWOO

—&— MODEL

Khoang cach doc truc (m)

Hinh 10: Biéu do mé men trong vo ham metro
chir nhdt cong gdn voi khach san Daewoo Ha Noi

Lirc cat

200 ":
100 ||
—8—DAEWOO

-100 T} —8— MODEL

Lwe cat (kN)
o

200 ]
-300

{ \
400 |1 \

so0 L= - _
Khoang cich doc truc (m)

Hinh 11: Biéu do lyc cdt trong vé ham metro chir
nhdt cong gd‘n voi khach san Daewoo Ha Noi

Hinh 7 va Hinh 11 cho thdy mé men uén noc
va tai nén ctia vo him metro 13 16n nhat, tuy nhién
gia tri chuyén dich van trong gidi han cho phép.

Hinh 8 thé hién hé sb bén cua vung dat da
phia nén khach san Daewoo Ha Ngi va nén xung
quanh vo ham metro. Hinh 9, Hinh 11 thé hién
biéu luc doc va luc cét trong vo ham metro tiét

dién cong gdn voi khach san Daewoo Ha Noi.
Qua cac biéu dd cho théy su thay ddi noi lue
trong vo him khi ham duoc bd tri gan khach san
gcin voi khach san Daewoo Ha Noi so vOi cac
két qua dat duoc trong nghién ctru [10].

5. KET QUA VA THAO LUAN

Két qua md hinh & trén cho thiy c6 sy thiy noi
luc xuét hién trong vo ham chit nhat cong khac co
su thay d6i khi xét anh huong cia khich san
Daewoo Ha Noi dén ndi lyc trong vo ham metro
tiét dién chir nhat cong trong diéu kién dat da
phén 16p. V6i ham chir nhat cong thi (mg xuét tap
trung tai bén goc trong khi hinh tron 13 phin b
déu do bién cong tron. Tuy nhién, ty 18 st dung
dién tich hitu ich ciia hAm hinh chit nhat cong la
16n hon so véi hinh tron din dén phan dién tich
dao khi thi cong nhé hon. Do vay, véi mot )
tuyéh ham metro dao trong khu vuc chat hep ctua
thanh phd c6 nhiéu cong trinh bé mit, can dao véi
khdi lwong nho nhat nén sir dung tiét dién hinh
chir nhat cong. Mic di vay, tiét dién metro hinh
chir nhat cong méi duge chi y nghién ctu trong
nhitng nim gan day do nhiing tién bd trong viéc
md phong sd, cac phuong phap méi trong tinh
toan vo ham nhu phuong phap khang dan hoi
(HRM) trén thé giéi va tai Viét Nam. Véi cac két
qua ndi lyc thu duoc cho théy c6 su thay ddi 16n
vé ndi luc trong vo chdng so véi cac nghién ciru
trude d6 khi mo phong ham trong mot 16p dat da
ddng nhat [8-10].

Két qua mo hinh ciing cho thiy sy gia ting
ctia mémen udn cling nhu sy giam cua luc doc
truc va luc cit khi xét anh huong cia khach san
Daewoo Ha Noi théng qua mé hinh sd.

6. KET LUAN

Bai bao di tong hop cac két qua nghién ctru
chinh vé két cdu him metro ciing nhu phuong
phap tinh toan hdm metro va 4p dung phuong
phap s, thong qua phan mém Phase 2 cho mot
truong hop cu thé him metro tai tuyén metro s6
3 du 4n metro Ha Noi. Két qua nghién ciru cho
phép rut ra cac két luan sau:

- Bing phuong phap s théng qua phan mém
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Rocscience -RS2- Phase2 software, nhom tac
gid d3 mod phdéng anh hudng cua khach san
Daewoo Ha Noi dén noi luc trong vo ham
metro tiét dién chit nhat cong trong diéu kién
dat da phan 16p.

- Viéc xdy dung hé thdng tau dién ngdm Ha
Noi 14 diéu can thiét ¢é giam thiéu tinh trang tic
nghén giao thong cua thanh phd va giam luong
khi thai carbon dioxide. Bén canh dit pha sét
cua Ha Noi, su hién dién ctuia nudc ngém 16n va
viéc xdy dung cac cong trinh cao trén bé mit ma
cac tinh toan chay trudc day chwa dé cap nhiéu,
dac biét 1a diéu kién dia chat thuc té c6 nhiéu
16p dat v6i cac ddc tinh khac nhau can duoc
nghién ctru nhiéu hon.

- Theo mé phéng cho thdy khi xét anh
huéng cua khach san Daewoo Ha No§i voi
khoang cach dén tuyén ham metro s6 03 13 25m,
mé men udn ndc va tai nén cua vo him metro 1a
16n nhat, tuy nhién gia tri chuyén dich van trong
gi61 han cho phép.
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S’ DUNG MONG COC ONG CHO NHA LIEN KE

TRONG VUNG XAY CHEN

CHU TUAN VU"

Some research results on use of pipe piles to build the foundation of
adjacent houses in different houses been building not same times

Abstract: Affecting the structure of adjacent buildings during the
construction of the overlapping foundation is a very complicated issue in
choosing the foundation solution for the overlapping works in Hanoi. To
serve as a basis for choosing a reasonable foundation solution for the
interlocking works in the central area of Hanoi, the article will analyze
the problems of using pipe piles when building the foundation of the

adjacent works on
sedimentary formations

the foundation of the buildings. Quaternary

Keywork: Pipe piples foundation of adjacent houses

1. GIOI THIEU CHUNG

Trong thuc té xdy dung & cic nudc, ca coc
6ng thép ho mii va kin miii déu dugc ap dung.
Céc nghién ctru déu cho thiy, tng xir clia coc
ho mili ¢6 nhitng dic diém khac biét so voi coc
kin miii. Cac két qua nghién ctru khac cho
thay, dang thirc dong coc 1a mot yéu t/thanh
phan quan trong trong sic khang déng coc.
Néu mét coc duogc dong theo dang thac 161
hoan toan (hay hoan toan khong tao nut), dat
chui vao trong coc theo ding téc d6 xuyén cua
coc. Trong khi do, néu coc duogc dong dudi
dang thtrc tao nut (plugged) hodc tao nut mdt
phan (partially plugged), mot ntt dat s& dinh
bam vao mit trong cta coc, ngin ngira dat
chui thém vao trong coc. Mot coc dugc dong
duoi dang thic tao nat s€ rng X twong ty nhu
coc kin miii.

Nhu vay, ¢ thé thiy rang, coc kin miii 14 coc
chiém chd, Gmg xtr twong tr nhu cac coc dong
binh thuong. Trong khi d6, coc éng hé mili tmg
xir phtre tap hon, thudng 1a ndm giira coc khong

*

Pai hoc Kién tric Ha Noi

Km 10, Puong Nguyén Trdai, Qudn Thanh Xudn,
TP Ha Néi, Viét Nam

Email: chutuanvu34@gmail.com

chiém chd va coc chiém chd. Do do, coc 6ng ho
mili ¢6 thé 1a lua chon dé giai quyét cac van dé
nén mong clia cong trinh xay chen.

Trén thé gidi, coc dng thép da duoc st dung
dé co thé dap tng dugc cac diéu kién dia chat
phuc tap, trong viéc xay dung moéng cong trinh.
Ttr dau thé ky XX, méng coc 6ng thép da duoc
st dung tai nhiéu nuéc nhu Puc (1930), Nga
(1931)... Nam 1954, méng coc béng thép dang
don di dugc sir dung trong xay dung bén cang
Shiogama (Nhat Ban). Nam 1964, h¢ vong vay
coc 6ng thép lan dau tién duge st dung tai Nhat
Ban. Nam 1969, mong coc éng thép da duogc ap
dung cho cau vuot song Ishikari & Hokkaido.
Tinh dén nay, hang nghin méng coc éng thép da
dugc xdy dung ¢ Nhat Ban, chau Au, chau M§...

O Viét Nam nhitng nim gin day, coc ng
thép da dugc 4p dung vao mot sd cong trinh cho
hé théng phu tr¢ thi cong, cling nhu két cau
dudi cia md tru cAu Nhat Tan. Trong du an
duong 6 t6 Tan Vil - Lach Huyén, két cAu mong
coc 6ng thép cing s& duoc s dung cho cac
cong trinh cau. Véi cac du an co6 ngudn von
ODA tir Nhat Ban, phurong an méng coc dng
thép c6 xu hudong s€ ngay cang dugc xem xét,
st dung.
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2. COC ONG VOI CAC VAN PE MONG
CONG TRINH XAY CHEN

Trong nang cép cai tao d6 thi & Ha No1, dac
biét nha phd dang dng thuong phai xay dung
cac cong trinh xay chen, khi d6 cong trinh xay
chen 1a cong trinh xdy ké sat véi cong trinh
khac dang c6 goi 1a cong trinh lién ké. Thuc
té cho théy, trong nén dat tram tich Dé tu, su
xuat hién cong trinh xay chen tai trong 16n c6
thé gdy ra cic hién tugng mat 6n dinh cho
cong trinh lién k& nhu bién dang két cau
khung, twong, mai va chuyén vi cong trinh,
trong d6 lun nghiéng 13 biéu hién rd nhit. Dé

=ctgotC

khic phuc céc hién tuong mét on dinh cho nha
lién ké khi x4y dung cong trinh xay chen tai
trong 16n, thuong st dung moéng coc cho cong
trinh xdy chen. Tuy nhién, do dic diém xay
chen nén diéu kién thi cong moéng coc 1a rat
han ché, hon nita trong qua trinh dua coc vao
trong nén xay ra bién dang ngang cia dt nén
do thé tich coc chiém chd c6 thé lam pha huy
két cau méng, két cdu than cong trinh. Do d6,
st dung coc cho mong cong trinh xay chen ma
khi ha chung vao nén khong 1am bién dang két
cdu va chuyén vi cong trinh lién ké thi d6 chi
¢6 thé coc 6ng mili ho.

G G

G,=C,

(a)

G =C;=rh G,.=GC:

G =0;=rh G.=0; G~0C:=1h

(b) (c)

Hinh 2.1: Vong tron Mohr biéu dién sy bién doi trang thdi on dinh diém khi tang iing sudt ngang

Bdi vi, néu sir dung vong tron Morh dé mé ta
su thay di trang thai cAn bang ung suit trong
ban khong gian v han dong nhit dang hudng
va dan hoi tuyén tinh, ta c6 md ta cho cac
truong hop sau: Trong ban khong gian vo han
dong nhat dang hudng va dan hoi tuyén tinh,
thuong tng suit thing dung 14 Gng suét chinh
16n nhit 64=c, va Ung suit ngang la Ung suit
chinh nhé nhit c,=o, (hinh 2.1a) . Khi 13y dit
1én khoi hé dao, hd khoan nhdi cho méng cong
trinh x4y chen, twong dwong véi giam tng suat
thing dung tai cac diém dudi ddy hd mong
cong trinh xdy chen, trong khi Gmg suit dimg &
moéng cong trinh lién ké khong d6i. Do d6, phan
giap ranh giita 2 cong trinh Gng sudt 1éch ting
1én va dan dén trang thai gio1 han. Nguoc lai khi
dong coc cho mong cong trinh xay chen trong
truong hop nay, bién dang ngang tir nén cong
trinh xdy chen lam ting (rng sut ngang o, trong
nén cong trinh lién k&, trong khi (mg suét thang

dtng cua nd khong dbi. Do do6, ung sudt 1éch
giam dan hay ban kinh vong tron Mo giam dan,
khi tmg suit dung va ing suat ngang bang nhau.
(hinh 2.1b) 14 thoi diém vong tron thanh 1 diém
X, trén truc hoanh OX,=c/2. Sau d6 néu tiép
tuc c6 bién dang nén do ha coc vao trong nén ,
khi d6 c6 su thay doi tng sut ngang 13 Gng suat
chinh 16n nhit 6,=c, va tng suat ding 1a mg
suat chinh nhé nhit c4=c, va khi ung suat léch
du 16n s& din dén trang thai mit cin bang.

Thong thuong lya chon giai phap mong sé
cin cr vao cAu truc va tinh chit co 1y dat nén,
quy md tinh chét tai trong cong trinh, hién nay
trén thyc té dang ap dung phd bién cac giai phap
mong la: Giai phap mong nong thuong 1a méng
bang, mong don ; Giai phap mong sau thuong la
mong coc €p hodc coc khoan nhdi. Trong do, thi
cong moéng ndéng va moéng coc nhdi ludn trai qua
qué trinh d& tai dung va thi cong mong coc €p
ludn trai qua qua trinh chét tai ngang.
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Nhu vay, viéc xdy dung va sir dung cong trinh
xdy chen anh huéng dan dén pha huy két cdu va
chuyén vi cong trinh c¢6 co ché 1a lam thay déi
trang thai g suat clia nén, trong d6 kha ning
pha hiy két cau va chuyén vi lun cong trinh lién
ké phu thudc vao cAu tric va tinh chat dit nén,
két cau cong trinh dic biét, két ciu moéng va
khoang cach gilra mong cong trinh xay chen vaéi
cong trinh lién ké da c6, giai phap mong va bién
phép thi cong moéng cong trinh lién ké. Véi coc
6ng ho miii 1a loai trung gian giita coc chiém chd
coc dic voi coc khong chiém chd (khoan nhdi)
thi viéc ha ching vao trong nén d& dang hon so
v6i coc dic va it gay bién dang nén hon so véi
coc dic va nhdi. Van dé dit ra 1a tinh todn du bao
strc chiu tai ctia coc.

3. TINH TOAN DU BAO SUC CHIU TAI
CUA COC

3.1. Tiéu chuin thiét ké ciu dwong b ciia
Hiép hoi Pwong bo Nhat Ban JRA

- Stc khang mili coc: Theo tiéu chuan nay,
stre chiu tai miii coc 6ng thép ho dugc rat ra tur
viéc phan tich rat nhiéu cac s liéu thi nghiém
hién truong ¢ Nhat Ban. Theo do, strc chiu tai
miii coc Qb (kN) phu thudc chu yéu vao do sau
coc ngam vao trong 16p dat tot:

Khi I< 5D thi Qp=300NI/D.A, (KN)

Khi I>5D thi Qp=300N.A,(KN)

Trong d6 1: Do sdu ngam vao 16p dat chiu
lyc (m)

D: PBuong kinh (m)

N- Giéa tri SPT N<40

A, —Dién tich mii coc ( dién tich toan bo
phdn mit cit ngang coc & miii coc nhu 13 coc
tao niit hoan toan (m?)

-Strc khang thanh bén: Dbi véi cat 2N
(N<50)

Pbi voi sét C(C<150 kN/m?) hoic 10N
(N<15)

3.2 Tiéu chuén thiét ké ciu 22 TCN272-05

Theo muc “10.7.3 Stc khang & trang thai
gidi han cuong do 7 sttc khang cua coc dong
duoc tinh toan nhu sau:

Strc khang miii Qp=qpAs

Strc khang thanh bén Qy=qsA

Trong d6: qs — suc khang don vi than coc
(Mpa) duoc tinh theo gid tri SPT boi cong
thuc sau

qs=0.0019N (Mpa)

b — strc khang don vi miii coc (Mpa) dugc
tinh theo gia tri SPT boi cong thuc sau ing véi
cac truong hop

Truong hop coc dong td1 d§ sdu Db trong
dat roi:

_ 0.038NcorrD,
9, = - p

N, = [0.77 1g£1'92J]N
=

<q,voi

Neow - S6 dém SPT gﬁn mii coc dd hiéu
chinh cho ap lyc tang phu, s¢, (bia/300mm);

N - S ¢ém SPT do duoc (bta/300mm);

D - Chiéu rong hay dudng kinh coc (mm);

Dy - Chiéu sau xuyén trong tang chiu lyc
(mm);

q - Stc khang diém giéi han tinh bing
0,4Ncorr cho cat va 0,3N¢or cho bun khong déo
(MPa).

A,- Dién tich mili coc (mm?)

A, _ Dién tich bé mit thin coc (m?)

3.3. Tiéu chuin KGS 2003

Trong Tiéu chuan thiét ké két cu nén mong
cua KGS 2003, strc chiu tai coc dugc tinh toan
du bao nhu sau:

Qu=mN, A, +nN A

Trong d6 m=3Ly/B (L,- Chiéu sdu ngam
cua coc)

N, gia tri SPT trung binh (khong hiéu chuén)
tai 1an can mii coc ; mN,<1500(T/m?)

N, gi4 tri SPT trung binh ( khong hiéu chuan)
doc than coc ; nNg<1 O(T/mz); n=0.2

Tém lai, xét vé két qua tinh toan du bao theo
cac tiéu chun c6 nhan xét

- Két qua tinh toan strc khang thanh bén theo
cac cong thirc trong ddi gan nhau,
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- Biém khac biét cha yéu 1a giira két qua tinh
theo cac tiéu chuan ¢ phan stc khang mii coc.
Theo két qua tinh toan thi stc khang miii coc
theo 22TCN 272-05 1a nhé nhét, tiép d6 1a theo
KGS 2003 va cao nhat 1a theo JRA 2002. Do
do, stre khang cuc han thiét ké cta coc 6ng dua
vao JRA 2002 1a phu hop

4. KET LUAN KIEN NGHI

- Ung xtr ctia coc, dic biét 1a mii coc ho 1a
kha phirc tap, phu thudc vao nhiéu yéu t6 nhu
duong kinh coc, diéu kién dia chat mii coc,
phuong phép thi cong... Vi vay, cac cong thic
tinh toan strc chiu tai coc 6ng can phai duoc
phan tich tir cac s6 liéu thi nghiém hién truong.

- Coc bng co rat nhidu wu diém trong xay
dung cong trinh xay chen nhu: tiéu hao nang
luong dé ép coc thip, hinh thanh khéi dat nén
trong 1ong coc 6ng nén han ché sy thay doi
trang thai ing suat ctia nén.

- Két qua thi nghiém coc cho thdy, sic
khang cuc han cua coc theo cong thirc JRA
2002 1a twong d6i phu hop voi thi nghiém.. Vi
vy, dé thiét ké méng coc dng ho mii cho
cong trinh xay chen, truéc mat khuyén nghi 4p
dung cong thirc cia JRA 2002 vé6i cac hé sd
strc khang twong tng; Tuy nhién, can tiép tuc
thu thap thém s6 liéu thi nghiém du do tin cay
ciia Nhat Ban dé phan tich hé sd strc khang
theo cong thirc JRA 2002 dua vao 1y thuyét do
tin cay.

Nguwoi phan bién: PGS, TS NGUYEN BAO HUAN
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DANH GIA NGUYEN NHAN SUT LUN DAT TAI KHU
TAI DINH CU PONG XE, XA YEN PHU, HUYEN LAC SON,

TiNH HOA BINH

NGUYEN VAN LONG’, LAl HQP PHONG,
PHAM NGOC PAT, BUI VAN THOM,
HA NGOQC ANH, NGUYEN TRONG TAI

Estimating the cause of sinkholes at resettlement area Dong Xa,
Yén Phu, Lac Son, Hoa Binh province

Abstrast: The paper presents natural condition (meteological,
hydrological, hydrogeological, geological,..) of resettlement area at
Hoa Binh province where take place many sinkholes in recent time. The
studies and analyse prouved that this is karst sinkholes and rock

(limstone) and hydrogeological condition are priciple causes for

developing sinkholes in the area.

1. GIOI THIEU

Trong nhitng nim gin day, hién tugng sut
lun xay ra nhiéu & modt sb khu vuc tinh Hoa
Binh. Thang 2 nim 2014, xuit hién 5 hd sut
voi1 duong kinh tr 7 - 20 m xa An Nghia, Lac
Son; thang 1 nam 2019 xuit hién 1 hd duong
kinh 1 m tai Tan Lac; nam 2015, 2016 va 2020
tai Yén Thiuy quy mé ban dau tir 2 - 3m sau dé
lan rong ra 20 m. Sy xuét hién lién tiép cac hod
sut gay thiét hai cho co s¢ ha tﬁng, nha 0, de
doa tinh mang cua con nguoi, gay hoang mang
cho cong dong.

Hién twong sut lin dat ty nhién xay ra &
nhiéu noi thuong lién quan dén dong chay cé
kha ning van chuyén vat liéu roi, kém bén
virng. Hién twong nay hay bét gip & cac khu vuc
ton tai hang héc, cac doi dap v& phu phia trén
boi cac 16p dat co dd on dinh thap. Khu tai dinh
cu Pong Xe nim trong mot thung liing nén da
voi thudce hé tAng Ddng Giao véi 16p phu 1a cac
tram tich cat, sét c6 nhitng noi ching c6 do bo
roi cao. Vi trf ndy ciing ndm gin ving anh

" Vién Pia chat - Vién Han lam Khoa hoc va Cong nghé
Viét Nam
DD: 0972611758;
Email: nguyenlong301 l@gmail.com

huoéng coa d6i dat giy Song Pa [1] vé phia
dong va dic biét 1a dat giy phuong vy tuyén
Lac Son - Binh Hém con cit qua phan phia bic
clia xa Yén Phu, ca 2 dit gdy trén déu l1a dut giy
hoat dong. Thang 5 nim 2020, xuat hién 2 h
duong kinh 2,5m tai Yén Phu, Lac Son trong
khu vire tai dinh cu Pong Xe (hinh 1). Panh gia
nguyén nhan sut lan tai khu vuc nghién ctru gop
ph'?ln xac dinh co ché, du bao va dua ra giai
phap phong tranh tai bién sut lun tai chinh khu
vuc nay va lan can.

Hinh 1: Hé sut tai khu tdi dinh cu Bo”‘ng Xe
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2. PAC PIEM PIA CHAT - KIEN TAO,
PIA CHAT THUY VAN KHU VUC
NGHIEN CUU

2.1.Vitridialy

Khu tai dinh cu Dong Xe duoc xay dung trén
mot bé mit dia hinh bai bdi cao cua séng Cai
(ném trén dia phan x6m Hung, xa Yén Phu), d6
cao khoang 1-2m, véi dién tich gan lkm”. Phia
nam va dong nam gidp voi dady nai da voi véi
vach dbc dung cao t6i 360m (ntii Chiéng Ché),
phia bic va tay béc con lai 1a bé mat thém bac 1
kha bang phang ciia song Cai, c6 do cao twong
dbi khoang 5m. Hién nay khu tai dinh cu Pong
Xe da duoc cai tao dép dét ton cao 1én dé lam
nén cho khu dinh cu véi d¢ cao khoang 4 - 5m

tuong ing v6i thém 1 cia song CAi.

Hinh 2: Vi tri khu vuc nghién ciru

2.2. Pic diém dia chét kién tao

2.2.1 Pdac diém dia chat - thach hoc tcfng
dd goc

Trén co s& cac diém 1o da goc ¢ long song
Ca1 va cdc nhanh cua ching cung véi céc tai
liéu 16 khoan tai khu dinh cu cho thiy da gbc
(¢4 méng) phan bd thanh ting dai v6i nhirng
dac trung khac nhau vé thanh ph?m thach hoc,
cac dai dan xen nhau theo phuwong déng bic -
tay nam (hinh 3).

- Dai thtr nhat c6 chiéu rong khoang 150m
tinh tir chan cua khéi d4 voi vé phia dong bac:
thanh phén thach hoc ¢ day la da voi dac xit va
kha ddng nhat, da ran chic mau xam, phan 16p

dang khéi, ¢ nhiéu mach can xit nhé xuyén cat
(hinh 4). V& thanh phan khoang vat da véi ¢ day
chi yéu 1a canxit, tiép dén 13 dolomit va mot it
silic. D4 nirt né it va chi tap trung thanh dai theo
phuong PB-TN trung vdi cac dat gay. Qua trinh
rira Ifia hoa tan x4y ra manh theo cac déi dap vo
cua cac PG nay va tao nén cac hang dong karts.

- Dai thtr hai ndi tiép dai thtr nhit, rong
khoang 70-100m, day la da voi phan 16p mong
xen da voi sét, v6i goc cam nghiéng vé phia tay
bic khoang 50 - 60°. Chung 10 ra dudi long song
Cai tai khu dinh cu méi va & khu vuc xom Da
gin UB x3. O ddy, d4 16 16 cac 16p da voi ndm
xen k& cac 10p déa sét voi mau ndu hong dén xam
den. Pa nut né yéu, it c6 kha ning ria liia hoa
tan dé tao ra cac hang dong karts.

- Dai thtr ba, rong khoang 200m, 1o ra ¢ long
Séng Cai thanh timg khdi nho, day l1a da voi
dolomit c6 mau xam xanh dén xam den, cang
xudng dudi (phan thip) chuyén sang xam sang
dén xam xanh. Bé miat xu xi dang d4 voi phan
16p dang trung binh dén dang khéi. Thinh
thoang gip cac mach canxit nho xuyén cat.
Thanh phan khoang vat cua ching gdm dolomit,
canxit di kém la khoang vat phi cacbonat nhu
gotit, clorit. P4 dé bi phong héa co hoc, vi vay
d4 dé bi an mon do nude, thuong tao ham éch
chiéu sdu toi 1,5-2m. Ngoai ra da bi nut né
manh, phan 16n 1a khe nirt theo phuong TB-DN
(330°%) va BB — TN (240°), qua trinh rira liia, hoa
tan kém v61 qua trinh mai mon nén da tao nén
cac ranh dang dia hao.

- Dai thir tu ¢6 thanh phan twong ty nhu dai
thir nhat 1a da voi dic xit mau xam xanh, phan
16p dang khéi, chi gap dugc khi ching 16 ra &
mot dong sudi nhanh (sudi Cat).

- Dai thtr ndm c6 thanh phan twong tu nhu
dai thtr ba l1a d& voi dolomit, chiing 10 ra thanh
tirng khdi nho trén canh dong tich tu thém béc 1.

Trong pham vi nghién ciru da gbc & day chu
yéu 1a d4 thudc hé ting Dong Giao. Trong d6 da
voi ddc xit dang khdi (thudc dai 1) thudc phan
hé ting dong Giao trén (Tia dg,) con da sét voi,
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da voi phan 16p va dé voi dolomit (thude cac dai
con lai) thudc phan hé tang ddng Giao dudi (T a
dg)) cac da trén déu c6 hudéng cim vé phia tay
bic véi goc cim khac nhau: tir 20° dén 59°.

P4 bi nut né trung binh dén yéu. Hé thong

105° 27" 21"

nut né chi gap theo phuong TB-DN va BDB-TN
tring v6i cac dit giy. Tao diéu kién cho hoat
dong rira liia- hoa tan phat trién va hinh thanh
cac hang dong ngdm hodc cac ranh sau dang dia
hao theo hai phuong ndi trén.

20°

20

57"

20°

20"

250m 14"

E B% vhi iy ki St
ED;‘. voi phan 16p, sét voi

Pi voi dolomit phan 16p vira-day

Cit, bot, sét ket
[fecceceode-d

105° 28' 22"

.
Dli‘t giy kién tao
ElT:il1g dd voi sot
IIlDiém khao sdt
Lo khoan

Hinh 3: So' dé phdn bé thach hoc khu dinh cwe méi va lan cdn

mi .- A
TAng l13n ‘ Thém bac 1
i g LK-3 | Bai boi thap
Iy Y | >
e O PO P DAL O =
S8 R . 5
el ek s .‘°>:. EU Yy ;\_ﬁ —__
_10 4 i

IMIgp- 320<50 -\ D

300 400 500 m

Cét' san, soi (aluvi)  EE55Pa véi, sét vai phan I6p méng Dﬂ‘l gay

Uoxpaveidang khsi  [Z%]pa vei dolomitphanlepvita |1 LK NAJKhe nit

Hinh 4: Mt cdt dia chat-dia mao & khu dinh cw moi
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2.2.2 Tang dat phi

Trong pham vi nghién ctru va 1an can (gdm
cac xom Pba, x6m Hung, khu dinh cu moi,
x6m Cat, xom Doi, cac thanh tao cua 16p dat
phu chi yéu 1a tang tich tu aluvi cua hé thong
song Cai, song Con va song Buoi, chiéu day
thay ddi tir Im dén 5-6m.

Tai khu dinh cu méi: trude day la bai boi
ctia song Cai, bao gdm cac loai sau:

- Tram tich long séng: gdm cudi, soi da
khoang kich thuéc khong déu nim ven song,
xen cac thdu kinh cat hat tho, chiéu day tir
0,2-0,5m. Theo tai liéu 16 khoan thi téng cudi,
soi nay phu truc tiép 1én da gbc (da voi) voi
chiéu day thay ddi tir 1-5m.

- Bii boi thap: chiém dién tich nhé chay
ven hai bén bo song, phia bén trai song (khu
dinh cu) c6 chiéu rong tir 2- 3m (tinh tr mép
nudc sdong vao mua can) thanh phan chu yéu
1a cat hat tho-dén hat trung chiéu day tir 1-
1,5m, phu truc tiép 1én da gbc.

- Bdi bdi cao: chiém toan bd dién tich cua
khu dinh cu méi, bé mit kha bang phing va
hoi nghiéng vé phia long song (tdy bac), véi
d6 cao twong déi dao dong tir 2-4m véi thanh
phan 1a sét, bot xen cat pha.

- Vat liéu dép: nam 2019, khu vuc dugc san
nén va ton cao dé xdy dung khu dinh cu méi
v6i chiéu day dao dong tir 4-5m.

2.3 Pic diém dia chét thiy vin

2.3.1. Nguon nuéc mat

Trong pham vi nghién ctru ngudn nudc mait
kha doéi dao, va chu yéu la nuéc séng: Séng
Cai chdy theo huéng tir dong sang tdy, song
Con chay theo huéng tir bic xudng nam va

nhap vao nhau & Xung Vanh tao nén song

Bugi chay vé phia tiy. Pay 1a nhitng song
16n va c6 nudc chay thuong xuyén voi luu
luong 1on. Ngoai nudc soéng trong vung con
c6 cac hd dap nhan tao nhu hé Cot (x6m
Cot), hé Bo (x6n Bog), hdé Ra (x6m Ra), hod
Vanh (xé6m Vanh).

2.3.2. Nguoén nuéc ngam

Khu dinh cv méi nim kep gitta hai déi
chira nudc khe nirt dap vo do dut giy kién
tao 16n: Phia Pong Béc 1a doi chtra nudc khe
nirt xom Cat va phia Tay Nam la dé1 chtra
nudc khe nat Vanh Ra, con tai khu dinh cu
mé6i chi c6 mit hé théng cac dut giy nho,
khe nut bac cao (bac 4 trd 1€n), vi vay khong
co cac doi dap vo cua khe nuat kién tao 16n.
Tuy nhién do day la vung c6 moéng va lan
can la da voi, nén hé théng cac khe nut trén
di tao tién dé cho qué trinh rtra lfia-hoa tan
dé tao nén cic hang dong ngdm hoic cac
ranh karst ngdm. Xu thé huéng cua dong
chay ngdm ciing tring v6i hudng cia dong
chdy mdt (dong chay cua song Cai). Theo
quan sat tai mot sb 156 khoan m&i cua dan
(LK) vao mua mua nudc trong giéng day va
duc, diéu nay cho thdy muc nuéc ngdm &
day lién quan va phu thudc nhiéu vao ngudn
nudc mat.

2.4. Pic diém dia chat céng trinh cac
16p dat

Tai khu vuc nghién ctru, cdu truc va dic
diém dia chat cong trinh cac 16p dat duoc
khao sat bang phuong phap khoan dia chat
cong trinh. Cac 16 khoan dugc bé tri tai
cac diém c6 diu hiéu dap vo trong da gbc
va ca trong vung khong c6 ddu hiéu dap vd
(hinh 5).
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20'CNES [ Airbus

Hinh 5: So dé vi tri céc hé khoan, hé ddo

Dua trén két qua khao sat va phan tich, dia
tﬁng cua khu vuc khao sat dugc mo ta tur trén
xudng nhu sau:

Lép 1: Dit lip - Sét pha mau niu vang, niu
doé ldn gach dd

Lép dat 14p co chiéu day trung binh tir 4,8 —
5,3m, 16p nay bat gip & phan 16n dién tich khu

vuc nghién curu, kho xéc dinh dugce nguén géc do
day 1a vat liéu duoc ché tir noi khac dén dé san
l4p 14y mat bang. Thanh phan cua 16p dat lap chu
yéu la sét pha c6 mau nau do, nau vang, trang
thdi déo mém. Gia tri N30 trong thi nghiém
xuyén tiéu chudn cua 16p dat 14p & hd khoan
LK02, LK04 1a 7-9, ¢ 16 khoan LKO05: 12-13.

Bing 1: Thanh phin hat cac 16p dit

Ham lwgng nhom hat %
Lép Séi Cat Bui Sét
dat > 10 10- | 5- | 2- |1,0-| 05- | 025 | 0,1— | 0,05—- | 0,01- <0,005
5 2 1 0,5 0,25 | -0,1| 0,05 0,01 | 0,005
1 9,73 | 7,27 | 7,22 | 1,57 | 14 1,52 | 0,62 | 23,24 | 20,29 | 8,69 18,45
2 - - - - - 0,48 | 0,59 | 50,89 | 28,11 8,83 11,1
3 - - - 0,2 | 0,47 5,5 9,73 39 36,88 | 8,22 -
5 - - 1,54 1033 | 0,81 | 2,51 1,55 | 41,04 | 33,11 | 11,04 | 8,07
6 - 1,26 | 2,19 1 1,82 2,7 0,84 | 13,76 | 28,33 | 13,06 | 35,04
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Lop 2: Sét pha xam xanh, xam den, trang
thai déo mém

Lép nay bat gip trong hé khoan LKO3,
LKO04 véi chiéu day lan luot 12 2,1 m va 1,5
m. Cac hé khoan LKOI, LK02 va LKOS,
khong bat gip 16p nay. Co6 thé nhan dinh rang
16p sét pha phan bd voi chiéu day giam dan
theo hudng vudng géc vdi bo song, cang ra
gan song bé day cia 16p nay cang nho, ra dén
gan song thi khéng con su phan bd cua lop
dét nay.

Lop 3: Cat pha mau xam xanh, xam ghi,
trang thdi déo

L6p cat pha bat gip ¢ cac hé khoan LK02
va LKO3 véi bé day tir 1,0 dén 2,1m. CAu tric
ctia 16p nay c6 dang thau kinh, phan b khong
déu trén toan dién tich khu vuc nghién ciu.
DPay c6 thé 1a nhitng sang pham dwoc hinh
thanh qua cac dot lii xuat hién trén séng véi
luong vat liéu khong on dinh dan dén su phan
bd khong déu theo dang thiu kinh trong khu
vuc nghién ctru. Gia tri N30 trong thi nghiém
xuyén tiéu chuén trong 16 khoan LK02 13 14
twong ing va41 trang thai déo.

Lop 4: Cupi soi mau xim den, trang
thii cirng

Lép nay bat gip trong tat ca cac hé khoan
v6i vé bé day bién ddi tir 2,1 m dén 6,4 m.
Trong 16p cudi soi co thé chira cac vat lidu lap
nhét 1a cat, bot, sét trong cac 16 hong. Lop
cudi soi la san phém tich tu cta cac tran 1 16n
di xay ra trén song. Chiéu diy bién dbi phu
thudc vao bé mat dia hinh ty nhién trude day
cling nhu dong nang cua dong chay.

Lop 5: Sét pha mau ndu vang, trang thai
déo chay

Lép nay xuét hién & cac 16 khoan tir LK02-
LKO5 véi chiéu day rat mong, tir 0,4 dén 0,9
m, trang thai déo chay dén chay do diéu kién
bao hoa nudec.

Lép 6: Sét pha néu vang, lin dim san,
trang thdi déo chdy

Chu trac cia 16p nay co6 dang hinh long
chdo xuat hién trén tang da voéi. Bé diy 16n
nhat bit gip & 16 khoan LK04 ¢ trung tim khu
tai dinh cu, bé diy cua 16p nay giam dan theo
hudéng ra song va duong giao thong chinh
trong khu vuc. Trong thanh phan cua 16p sét
pha c6 1an dim san. Pay c6 thé 1a sian pham
phong hoa cua da voi tich tu trén mot phéu
hinh long chédo cua da voi phia dudi.

Lép 7: Pd véi xdm xanh, xdm den, ciu tao
khoi

Theo tai liéu dja chat, da voi trong khu vuc
thudc hé ting Pong Giao, bit gip trong tat ca
cac 16 khoan. Pa co6 ciu tao khdi, mac do nirt
né tr vira (LK03, LK04) dén manh (LKOI,
LKO02, LKO05).

Péang chii y trong 16p da voi & hd khoan
LKO02, LKOS5 phat hién cac hang karst voi
chiéu cao hang tur 0,5 dén 0,6m duoc lép nhét
boi cac vat liéu sét 1an soi san dong thoi mirc
do nirt né cta da voi & cic 16 khoan nay ciing
manh hon véi tri s6 RQD dao dong tir 10 dén
dudi 50%, gia tri TCR nam trong khoang 17-
20. bay la diéu kién thuan lgi cho su van dong
cua nuéc ngdm khi c6 du diéu kién. Khi
gradien thuy luc du 16n, cac vat liéu bo roi
nhu cat, san ¢ thé duoc van chuyén dua noi
khéc, lam xudt hién céc khoang trong duét

mat dat.
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MAT CAT DIA CHAT CONG TRINH TUYEN LKO02 - LK04 Ghi chu
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Hinh 6: Mdt cdt dia chdt cong trinh hé khoan LK02 — LK04
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Hinh 7: Mat cdt dia chdt cong trinh hé khoan LK03-LK04-LK0S5
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Bang 2: Chi tong hop chi tiéu co 1y cac 16p dat

He
Khéi
bo Khéi Khéi bo 6 bo
. luong He Gi6i | Gioi | Chi Lycdinh | Goc o))
amty | luong | lwong bé | bao bo nén truong
Lop thé tich s6 | | ban | han | s§ két ma st Heé 56 tham | tan 1d
nhién thétich | rigng | | rong | hoa sét lin nd
dit tyr nhién rong chdy | déo | déo C trong K(cm/s) | DTR
w khoy, A n(%)| G B a, DTr.n
Y e We |Wd | d (kGlem?) | o (d0) ) (%)
(%) (glem?) | (g/em®) % (cm’ (%)
(glem’)
/kG)
1 29,3 1,8 1,4 2,7 09 | 474|884 | 44,1262 |17902 0,1 14°30' | 0,0 | 0,36x10° | 0,0 0,1
2 30,1 1,9 1,5 2,7 0,8 | 458 955|345 20,1 | 14407 0,1 12°13'| 0,0 | 0,67x10° | 0,2 0,1
3 32,2 1,8 1,3 2,7 1,0 | 49,7 | 86,8 | 31,1 | 18,6 | 12,5 | 1,1 0,0 523 | 01 |0,91x10° | 02 0,1
5 36,7 1,8 1,3 2,7 1,0 | 50,9 | 94,0 | 379 | 22,0 | 15,9 | 0.9 0,0 4151 0,1 | 08x10° | 02 0,7
6 37,8 1,8 1,3 2,7 1,1 | 51,219561389]220|17,0(09 0,1 6°40' | 0,0 | 0,79x10° | 03 0,4
Bang 3: Bang tong hop chi tiéu co 1y cac maiu hd dao
Khéi Héso
P Khéi | Khéi 2] b
B lugng He Giéi | Gi6i | Chi Lycdinh | Géc | nén bo
S6 |amty| legng | lwong bo | bdo bo treong
thétich | | s6 | _ han | han | s6 két masit | lin | Heésdthadm | tanrd
hiéu | nhién thétich | riéng | _ | rong | hod sét nd
B t nhién rong chdy | déo | déo C trong | a,, | K(cm/s) | DTR
miu | W kho vy, A n(%)| G B DTrn
Y e We | Wd | Id (kG/cm?) | @ (d6) | (cm® (%)
%) (g/om) | (glom’) % %)
(g/em) G)
bl | 224 2,0 1,6 2,7 0,6 13939261282 16,7 |11,5]0,5 0,2 12°21'| 0,0 | 0,49x10* - -
b2 | 235 2,1 1,6 2,7 07 | 489|815 | - - - - - - - - - -
b3 | 24,1 1,8 1,4 2,7 09 (4731722303 |17,7] 125105 0,1 11°19' | 0,0 - - -
p4 | 218 | 18 15 27 | 08 455700274 | 158 | 11,6105] 01 | 1142 | 0,0 ; ; ;
bs | 20,0 1,7 14 2,7 09 | 463|619 |248 | 157 9,1 | 0,5 0,2 13°20' | 0,0 | 0,66x10* - -

Cac mau dong trong hdé dao dugc phan
tich thanh phan hat va chi tiéu co 1y (bang
3). Két qua cho thdy, cic mau dat trong hé
dao 1a dat cat pha, cat v6i ham luong cat
chiém wu thé, 16n hon 50%. Céc vi tri lay
mau nam cach séng tir 5m dén 30 m, d6 cao
dia hinh nho so v&1 myuc nudce song. Pay la
cdc san pham tich tu gin nhat cia séng vao
mua mua khi nudc song dang Ién va lam

ngap phan bai boi.

3. NGUYEN NHAN SUT LUN PAT TAI
KHU PONG XE, XA YEN PHU VA GIAI
PHAP ON PINH LAU DAI

3.1. Nguyén nhén sut dit tai khu tai dinh
cur Pong Xe

Tu cac dic diém ciu trac dia chéat theo két
qua khao sat va phan tich chi tiét nhu néu trén
¢6 thé néu mot sé nguyén nhan gay sut dét tai
khu tai dinh cu nhu sau:

+ Khi mua nhiéu, nuéce tir trén ndi ven dudng
giao thong va cac vung cao hon thoat vao khu
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tai dinh cu mot phan theo cac dai khe nut tir
déng nam 1én tay béc (tir nui ra song). Nudc mit
trudc day thoat nhanh theo suon dbc ty nhién
nay do san lép, duong thoat trén mat bi chan,
nuée @ dong modt phan tham vao cac 16p dat
phu, dac biét 1a khi thAm dugc vao 16p cat cudi
soi 1am ting van tdc va luu luong dong ngam.
Céac d6i dap v, hang hc ton tai trong khu tai
dinh cu tré thanh ddi twong thu va van chuyén
nudce nhanh hon ra phia long song, khi mua véi
lwu lwong 16n van téc dong ting 1én du 16n cudn
di cac vat liéu bo roi 1ap nhét trong cac déi dap
v& 1am sap hang héc gay ra sut dat.

+ Viéc khai thac nuéc ngdm luu luong 16n
trong khoang thoi gian nay cling s€ lam tang
thém véan tdc dong chay ngam, sut dat c6 thé
xay ra tram trong hon. Trong mua khé khi nuéc
khe nirt tir cac vung cao hon it di, nudc trong
cac d6i dap v& co thé dugc bd sung nguoc tir
phia 1ong song, néu khai thac véi luu lwong 16n
van c6 kha nang gay sut cuc bg, nhat 13 khu vuc
nam trén cac déi dap vo manh.

+ Tai trong 16p dat dip va cic cong trinh méi
xdy dung lam gia ting ap luc 1én cac lép dat
phia trén ctia hang hdc bi lam réng qué trinh x6i
ngam dat d4, khai thac nudc ngam.

3.2. Vé giai phap on dinh lau dai cho khu
tai dinh cuw

Tuy trong vung tai dinh cu c6 2 doi dap vo
trong d4 gdc va c6 hang hdc nhung chidu day va
chiéu sdu cia cac d6i nay khong 16n, cic hang
héc ciing ¢6 kich thude nho nén sut dat véi quy
mo 16n s€ khong xay ra. Mac du vay hién tuong
sut cuc bd nhu da xay ra van co thé tiép tuc néu
ta khong c6 nhirng giai phap phong tranh. Phan
tich cac nguyén nhan duoc danh gia nhu néu
trén, giai phap dé 6n dinh lau dai cho khu tai
dinh cu duoc dé xuét nhu sau:

- Tao dudng thoat nhanh nudc mua chay trén
bé mit ra phia long song. Nhu da néu & phan
danh gid nguyén nhan, nuéc mua tur trén nai va
céc vi tri cao hon ¢6 thé don vé khu tai dinh cu
bang cic dong chay trén bé mit va dong tham

qua cac dai khe nit va ting dat phi. Két qua
khao sat chi tiét bang cac phuong phap khoan
dia chat khong phat hién duoc cac déi khe nuit
tor trong nai da dugc phat hién theo tai licu dia
chét - dia mao lién thong voi khu vuc tai dinh
cu. Piéu nay cho thiy néu co ton tai cac dai khe
nirt tai khu vuc san 1ap thi kich thudc ciing rat
nho nén lwong nudc thim qua mdi khi mua
cling s& khong nhiéu. Ngudn nudc mit don vé
khu vyc nay s& 16n hon nhiéu boi dién tich thu
gom nudc 16n hon rat nhiéu so véi dién tich cac
d6i khe nirt néu c6. Boi vay thoat nhanh ngudn
nudc mat moi khi c6 mua 16n 1am nudc khong
bi & dong s€ han ché duogc lugng nudce thAdm vao
cac dong ngam trong khu tai dinh cu 1a rat quan
trong dé ngan ngira hién twong sut dat

Theo tai liéu khoan tai 16 khoan, 16p dét trén
cung ¢6 chiéu day kha 16n dén hon 4m 1a sét
pha. H¢ s6 thAm duge xac dinh theo két qua
phén tich co 1y dét ciia 16p nay ciing kha nho va
nho hon cac 16p nam duéi n va thay doi trong
khoang tir 0.36x10” cm/s - 0.67 x10° cm/s, hé
s6 ma sat trong 12° - 14° va luc dinh két 0,1
kG/cm? déu 16n hon cac 16p nim dudi. Cac yéu
td trén dam bao cho nén dat it bi bién dang khi
tao kénh va luong nudc thim vio long dét ciing
s€ khong 16n khi gap mua. Do d6 giai phap tao
kénh thoat nudc mit dé han ché nuéc mua ngém
truc tiép xubng 1a hiéu qua.

- Do viéc khai thac nuée ngdm luu lwong 16n
trong lic mua nhiéu ciing nhu trong mua kiét
cling duoc danh gia 1a mot trong nhitng nguyén
nhan gay sut lan, boi vay tét nhat khong nén
khai thic ngudn nudc ngidm trong khu vuc tai
dinh cu.

- Han ché quy mé cong trinh xay dung trong
khu vuc hodc c6 giai phap mong phu hop,
khong lam tang thém ap luc 18n cac 16p dit nim
trén cac hang hdc phat trién phia duéi.

4. KET LUAN

- Céc khao sat trong khu tai dinh cu va lan
can da duogc tién hanh bang st dung hé phuong
phédp pht hop, di mirc do chi tiét da lam rd
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duoc cac ddi tuong lién quan dén hién twong sut
dat xay ra trong khu tai dinh cu Pdng Xe.

- Sy tdn tai trong khu tai dinh cu 2 déi dap
vd da gbc chii yéu kém hang hdc 1a nguyén
nhan chinh gdy ra hién twong sut dit trong
nhitng diéu kién nhat dinh nhu da néu trong
phin d4nh gia nguyén nhan.

- Hai d61 dap vo néu trén co6 lién thong voi 2
durt gdy bén ngoai khu vuc nhung la cac dut gay
nho, ban than cac doi1 dap vo kich thuéc khong
16n, hang hdc phat hién duoc trong d6i ciing 1a
hang hoc nho nén sut dat quy mé 16n s& khong
xay ra. Tuy nhién trong nhitng diéu kién nhat
dinh syt dit quy mé nho van c6 thé xay ra néu ta
khong ap dung nhiing giai phap phong tranh.

- Giai phép tao kénh thoat nhanh ngudn nuéc
mit moi khi c6 mua trude khi nuéc chay vao
khu tai dinh cu cong voi viée ngung khai thac
nude ngdm phit hop véi diéu kién thyc té va co
co s khoa hoc dam bao 6n dinh lau dai cho khu
tai dinh cu.

Nguwoi phan bién: PGS, TS POAN THE TUONG
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THE LE VIET BAI DANG TREN TAP CHi DIA KY THUAT

Tap chi Dia k¥ thuat dugc xuit ban 3 thang/ky, theo Gidy phép hoat dong béo chi sb
1358/GPXB ngay 17-6-1996 ctia B Van hda va Thong tin.

T6n chi va muc dich cua Tap chi 1a: Cong bd cac cong trinh nghién ciru khoa hoc, cong
ngh¢, phé bién, trao ddi kién thirc, tién bo k¥ thuat va kinh nghi¢m trong cac linh vuc dia chét
cong trinh, co hoc dét - nén mong, co hoc da, dia k¥ thuat va moéi truong, cac van dé dat -
nude - moi trudng va con ngudi, gop phan nang cao chit lwong cac cong trinh xay dung ha
tang co s, dap tmg nhu cau cong nghiép hoa, hién dai hoa dat nude.

Trong thoi gian qua Tap chi d3 nhin duoc su dong gop, tng hd nhiét thanh ctia nhidu dong
nghiép dong dao ban doc, cac t chirc, co quan, ban nganh vé bai viét, thong tin va vat chét...
Tap chi mong tiép tuc nhan dugc su cong tac va ung ho do.

Bai gtri dang Tap chi dugc danh may vi tinh theo font Unicode Times New Roman, c&
chit 12, in trén khd A4 kém theo dia CD hoic thu dién tir (2 file, 1 file world 2003, 1 file
pdf). Bai viét sir dung tiéng Viét, kém theo tom tit ndi dung bang tiéng Viét va Anh (khong
qua 200 tir). Cong thirc duoc viét theo Equation Editor va danh s thir ty vé bén phai. Pon vi
tinh ciia cac dai heong vat Iy phai sir dung don vi theo hé SI. Dau thap phéan phai ding
diu phay. Cac ban vé& phai theo dung quy dlnh vé k¥ thuat, leh thudc khong qua 15 x 20cm.
Céc bai ¢6 ban do ting Vung hodc ca nudc can vé theo mau chinh xac, dung theo quy cach
hién hanh; cac ban v&, biéu bang phai dugc danh s6 thir tu. Dung lugng bai bao khong vuot
qua 8 trang ké ca hinh anh, biéu bang, tai liéu tham khao.

Thir tu sép xép bai bao:

- Tén bai bao (bang tiéng Viét);

- Ho va tén tac gia;

- Dia chi, Tel/Fax; Email;

- Tom tat ndi dung (bang tiéng Viét);

- Tén bai bao va tom tat ndi dung bang tiéng Anh;

- Noi dung bai bao. Bai bao can c6 dat van dé va két luan;

- Tai liéu tham khao: dugc ddnh may lién voi bai va duoc ghi theo thtr ty ABC. Céc tai li¢u
tham khao trinh bay theo trinh tu: Tiéng Viét, tiéng Anh, tiéng Latinh, tiéng Nga, tiéng
Trung..., theo thir ty: Tén tac gia, tén tai liéu, nha xuat ban, ndm xudt ban, khong nén qud 10
tai liéu.

Ban Bién tap s& bd tri 1y y kién phan bién truéc khi dang. Bai khong dwoc dang khong tra
lai ban thao.

Téc gia bai viét phai chiu trach nhiém vé cac thong tin cung cdp va duoc biéu 01 cubn tap
chi c6 bai dang.

Y KIEN DONG GOP, BAI GUI DANG VA BAT MUA TAP CHI XIN LIEN HE THEO BIA CHi SAU:

VIEN PIA KY THUAT
152 phé Lé Duan, quan BPéng Pa - Ha Noi
Tel: 024.22141917
Email: viendiakythuat@vusta.vn,; Website: http//www.vgi-vn.vn
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