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Nghién clu hé s6 tham clia dat cat san 18p tron xi mang
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TOM TAT: Céng nghé dat tron xi mang (SCM) duoc
nghién clu va ung dung phd bién cho cac muc dich
nhu xU ly nén dat yéu, gia cé dé, tuong vay hé dao...
Cac nghién clu dat trén xi mang (soilcrete) chd yéu
vé cac dic trung co hoc nhu cudng d6, mé-dun bién
dang va bién dang. Hé s6 tham cla soilcrete (k) busc
dau duoc nghién clu cho sét trén xi mang, nhung cat
trén xi mang chua dugc nghién clu toan dién. Nghién
clru nay né luc nhdm dén hiéu biét toan dién ung xa
thdm cla dat cat san 1dp ving Tay Nam bd tron xi
mMang voéi cac ham luong khac nhau 1an lugt 200, 250,
300, 350, 400 kg/m?>. Ba loai xi mang OPC, PCB va
PCS dugc s dung trong nghién clu nay. Quy trinh thi
nghiém tham tuan tha Tiéu chudn ASTM D5084. Két
qua nghién clu cho thay: (1) k_soilcrete gidm hon 1.000
1an so voi dat cat tu nhién; (2) k_cua soilcrete gidm khi
tang ham luong xi mang va thoi gian bao dudng; (3) k,
cua soilcrete tao tu xi mang PCS thdp hon tir xi mang
OPC va PCB. (5) k_cUa soilrete tao tir cat - xi mang dat
1 8,07 x 10 m/s dén 4,86 x 10" m/s.

TU KHOA: Hé sé tham, a4t tron i mang, cat san lap.

ABSTRACT: The Soil Cement Mixing technology
(SCM) has been widely applied for several applications
such as soft ground improvement for highway
embankments and earth levee embankments,
seepage cut-off wall, and so on. Serveral key
properties of soilcrete like strength, secant modulus,
and strain were numerously investigated. The
hydraulic conductivity of soilcrete made from clays
was primarily studied. The hydraulic conductivity of
soilcrete created from sand has limit research data.
This research aims at better understanding of the
permeability behavior of dredging sand taken in
Mekong Delta mixed with various cement contents of
200, 250, 300, 350 and 400 kg/m?3. Three cement
types utilized in this study were ordinary portland
cement (OPC), portland cement blended (PCB)
and portland cement slag (PCS). All permeability
tests followed the ASTM D5084 standard. The
results indicate that: (1) the hydraulic conductivity
of sand soilcrete was lower 1000 times than that
of the compacted sand sample; (2) the hydraulic
conductivity of soilcrete decreases with increasing in
cement contents and curing times; (3) the hydraulic
conductivity of soilrete made from PCS cement was
lower than that from the OPC and PCB cements; (4)
the sand soilcrete hydraulic conductivity varies from
8.07 x 10® m/s to 4.86 x 10" m/s.
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1.DAT VAN BE

Céng nghé dat tron xi mang (SCM) da duagc 4p dung
phd bién & nhiéu nudc trén thé gidi cho nhiéu muc dich
khac nhau nhu gia ¢4 dat yéu, dé, dap, tuéing ngan vach hé
dao... Cong nghé SCM thi cdng nhanh vi vat liéu thi cong
chi gom dat, xi méng va sén sang chiu tai cong trinh sau 28
ngay. Cac ddc trung co - ly cia dat trén xi mang (soilcrete) la
két qua clia cac phan ting hda hoc xay ra gilta khoang trong
dat, xi mang va nudc tao ra cac chat keo két dinh, hda ran
theo thai gian bdo dudng lam giam 16 réng cua dat va cai
thién céc tinh chat co hoc ctia dat [10,13).

Trong tat ca cac Uing dung cla soilcrete, cac anh hudng
dén cac dac tinh co-ly-hoa cua soilcrete can dugc nghién
ctu ky. Cac nhan t6 anh hudng dén hiéu qua cta dat tron
xi mang da dugc nhiéu tac gia nd Iuc nghién ctu nhu loai
dat va cac dac tinh clia dat (gidi han atterberg, phan bé ¢
hat cGa dat, ham lugng hitu co trong dat), loai va ham lugng
xi mang, phuong phap tron va dam nén, diéu kién va thoi
gian bao dudng [13,16,20,21,22]. Cudng dd va mé-dun bién
dang dét trén xi mang tang theo ham lugng xi mang va tang
theo thai gian bao dudng [13,21,22]. D4t cat trén xi mang cé
cudng dé cao hon dat sét trén xi mang. VSi ham lugng hat
sét tang, mét lugng Ién xi mang can thiét dé tang cudng do
soilcrete [13,17]. Ham lugng hitu co thudng lam gidm cudng
dd soilcrete [12]. Ty lé nudc/xi mang cao lam gidm cudng
do soilcrete [18]. Cudng d6 clia dat tron xi mang phu thudc
vao cac thanh phan hoa hoc ctia xi mang. D4t trén xi ming
portland théng thuang (OPC) véi 98% clinke ¢6 cudng do
cao hon xi mang xi (PCS) [14]. Mau dat tron xi mang béng
phuong phap trén uét c6 cuong do chiu nén tai 28 ngay
tudi cao hon so véi mdu bang phuong phap tron kho [16].

Ngoai sy cai thién vé mat co hoc cla dat tron xi mang,
tham cling la mét trong nhing dic trung vat ly quan trong clia
soilcrete, dac biét khi dat dugc xirly dugc sirdung cho cac cong
trinh véi muc dich ngan nudc [23]. Mot s6 nghién ciu vé tham
cla soilcrete tao tUr dat cat da dugc thuc hién véi cac khia canh
khac nhau nhu ham lugng xi mang, thai gian bao duéng, ty lé
nuac trén xi mang (w/c) va loai xi méng [9,10,15]. Nhin chung,
hé s6 tham dat cat tron xi ming gidm so véi mau dat cat tu
nhién va gidm khi tdng ham lugng xi ming [6,8,9,10]. Hé s
tham cuia soilcrete tao tur dat cat giam tir 14x108 m/s dén 0,27
x10°® m/s khi xi mdng tang tr 5% dén 20% [9]. Alkaya & Esener
(2011) da bao cao hé s6 tham mau soilcrete tao ti dat cat tron
5%, 10% xi mang la rat thap khodng 10° m/s. Hé s6 tham cat
trén xi mang phu thudc vao loai xi mang. Cat trén xi mang xi
(PCS) <6 hé 56 tham thap hon xi mang théng thudng (OPC),



Xi mang c¢6 dé min I6n hon tron dat cat cho hé s6 tham thap
hon [14]. Hé s6 tham soilcrete gidm theo thai gian bao dudng
[7,10,11] va tang khi tang ty 1é w/c[15].

Hé s6 tham dat cat tron xi mang can tiép tuc duoc
nghién c(ru, b sung dirliéu khoa hoc vé tham cla soilcrete.
Bai bao tap trung nghién cdiu ing xi thdm cua dat cat san
lap vung Tay Nam bo tron véi xi mang vé cac khia canh nhu
ham lugng xi mang, loai xi mang, thi gian bao duéng bang
thi nghiém tham trong phong. Nghién cttu khdng dinh kha
ning chéng tham t&t ctia hdn hop dat cat trén xi mang, tim
ra loai xi mang phu hop gilip cdng déng tu tin sirdung hon
hop vat liéu cho muc dich chong tham.

2. PHUONG PHAP LUAN

2.1.Tiéu chuan thi nghiém

Phuong phap tao mau soilcrete tham khao Tiéu chuén
ASTM D698 [3] va TCVN 9403:2012 [4]. Phuong phap thi
nghiém tham tuan theo Tiéu chuan ASTM D5084 [2].

2.2, Vit liéu thi nghiém

D4t cat san |ap lay tai tinh Dong Thap dugc st dung trong
nghién cdru nay. Cac chi tiéu ca ly cdia dat cat dugc xac dinh va
trinh bay & Bdng 2.1. Két qua thi nghiém dam nén cét va duong
cong cap phéi hat 1an lugt thé hién & Hinh 2.1, 2.2. Két qua cho
thay, dt thudc loai dat cat hat nhé véi ham lugng hat trén sang
0,1 mm chiém > 75% khéi lugng kho (TCVN8217:2009).

Bdng 2.1. Chi tiéu co Iy cla cdt séng san Iap

n 2 Ham
Boam | Trong liong | Trenglugng | s | 11500 | Mo-dun
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Xi mang dugc st dung trong nghién cdu nay gom
3 loai: xi mang portland thong thudng OPC40, xi mang
portland hén hgp PCB40 va xi méng portland chda 50%
xi 16 cao (PCS). Luong clinker dugc sit dung dé san xuat
xi mang OPC40 1a 96% cao hon dang ké so véi hai loai xi
mang con lai lan lugt 60% va 47%. Céc chi tiéu chat lugng
cla xi mang dugc trinh bay trong Bdng 2.2.

Bang 2.2. Chi tiéu chat luong cda cac loai xi mang

OPC40 PCB40 PCS
Cac chi tiéu TCVN TCVN TCVN
2682:2009 | 6260:2009 | 4316:2007

Cudng dé nén phing:

3 ngay + 45 phit »21 | =218 >22
28 ngay + 8 gig =40 =40 =50
Thai gian dong két téi thiéu:

Bat dau, phut > 45 >45 >45
K&t thuc, phut <375 <420 < 600
D6 min, xac dinh theo

phuong phap Blaine, cm?/g > 2800 > 2800 = 3300

Do 6n dinh thé tich, xac
dinh theo phuong phap Le <10 <10 <10
Chatelier, mm

Ham lugng SO, % <35 <35 <35
| Ham lugng MgO, % <5 <6
Ham lugng Na,O_ , % <0.6 ‘ ‘

Nudc dung ché tao mau soilcrete va thi nghiém tham
l4 nudc sinh hoat phu hgp Tiéu chudn TCVN 4506:2012
duoc trinh bay trong Bdng 2.3.

Bang 2.3. Ham luong téi da cho phép (mg/L)
cUa cdc chdt trong nudc

Mudihoa | lonsunfat | lonclo Can khong tan
tan (SO,)* (a)} : 9
10.000 2.700 3.500 300

2.3. Chuan bj méu

* Mau dat cdt tu nhién:

Ma3u d4t cat thu thap vé phong thi nghiém dugc say
khé sau d6 tron véi nuéc dé dat do am tét nhat 15.15%.
D4t & @6 dm t6t nhat dugc tao mau trong khudn tru tron
thanh ciing ¢6 kich thuée D x H = (62x140) mm tuan theo
Tiéu chudn ASTM D698 [3] véi cong dam tuong duong 600
kN-m/m3. D4t lan lugt dugc cho vao khudn thanh 3 16p, moi
I6p duoc dam 21 lugt bang thanh dam cé trong lugng 1,54
kg, chiéu cao rgi 0,305 m.

* Mdu ddt cdt trn xi mdng:

Mau dat cat san lap tron xi mang dugc ché tao trong
phong thi nghiém bang khuén nhua PVC dang hinh tru
tron ¢ chiéu cao, H = 65 mm va duodng kinh, D = 62 mm,
kich thudc nay tuan tha theo Tiéu chuan ASTM D5084.
Céc mau soilcrete dugc ché tao tu 3 loai xi mang khac
nhau I3 OPC, PCB va PCS vdi cac ham lugng xi mang lan
lugt 200, 250, 300, 350, 400 kg/m?. Cac théng s3 vat liéu
tao mau soilcrete dugc trinh bay trong Bdng 2.4. Quy trinh
ché tao mau soilcrete tao tU dat cat san lap va xi mang
duoc thuc hién nhu sau: (1) Cat kho tron véi nudc tng
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v6i d6 am tSt nhét 15,15%; (2) Trén xi mang kho véi dat
dm dén khi hén hgp tugng d6i déng déu trong 5 phut;
(3) Trén hén hop dat - xi mang véi nuéc theo ti 1& wic =
0.7:1 trong 5 phut dé c6 hdn hop soilcrete thuan lgi trong
viéc ddm nén méu; (4) H6n hop soilcrete 1an lugt dugc
cho vao khuén thanh 3 I6p, méi I6p dugc dam bang may
dam rung dén khi khéng con bot khi tir 3 - 5 phat; (5) Bit
kin cdc dau khuon bang nilong va dan nhan; (6) Ngam
bado duéng mau trong nudc dé ddy nhanh qua trinh phat
trién cudng dd cia mau soilcrete. (7) Sau 2 ngay tudi,
mau dugc ép day ra khoi khuodn. Xac dinh chiéu cao va
dudng kinh méau, cac kich thudc dugc do & 3 vi tri khac
nhau va |y gid tri trung binh; (8) Bao hda miu bang binh
hat chan khong véi luc hut -80 kPa trong thai gian téi
thi€u 24h. Cac mau sau khi bdo hoa duoc lp dit vao thiét
bi tham thanh mém dé khao sat thdm theo phuong phap
¢t ap vao gidm - cot ap ra khéng déi va phuang phap cot
ap vao gidm - cét ap ra dang.
Bang 2.4. Théng sé vt liéu ché tao méu soilcrete

Khéi | N 5
. ‘ Ham Ty 1é nuéc Khéi Khéi |
i KY Loaixi = lugng Xi Iuo’n?g g ‘ trén ham luong lvong
| hiéu N t gdéam | Y _
[ mang méang | : | lugng ximéng | ximang | nudc
mau n | 15,15% | . }
(kg/m3) ! ! wic L {a) {9)
@ | |
s . - 754 - Lo -
isc1 i opc 200 ' 350 07 © 393 275
SC2 OPC 250 350 0,7 49,1 344
SC3 OPC 300 350 07 589 412
SC4 ¢ OPC 350 350 0,7 68,7 48,1
SC5 OPC 400 350 | 0,7 ‘ 78,6 55
. ; | N
SB pPCB 300 350 0,7 ' 589 41,2
SS i PCS 300 350 0,7 589 412

‘ ; d

2.4. Quy trinh thi nghiém

Hé s6 tham cla mau dat cat tu nhién k_, dugc xac
dinh bang thiét bi thanh cing theo phuang phap cot ap
vao giam - ¢t ap ra khong déi. D6 déc thay luc tir2 - 5
nham tranh hién tuong cé két mau va rd ri nudc chay doc
theo thanh khuén mau (ASTM D5856) [2]. D&i véi cdc mau
soilcrete, k_dugc xdc dinh bang thiét bj thanh mém duoc
thiét ké riéng phuc vu cho nghién ciu nay, thiét bi tuan
theoTiéu chudn ASTM D5084 [1] (Hinh 2.3). Cot 4p vao mau
3 -4 m, d6 doc thiy luc c6 gia tri 40 + 5 hodc cot &p vao
mau I6n hon 9 - 10 m véi d6 déc thay luc dat dugc 130 =
5. Cot &p vao budng luén I6n hon cot 4p vao mau tu 1 -
2 m nham dam béo nudc thdm khéng bi chdy doc thanh
mau. Qua trinh I&p dat mau vao thiét bi tham dugc thuc
hién hoan toan trong nudc, ddm bdo cho mau duoc bao
hoa nudc hoan toan. Mau I&p dat trong thiét bj tham thanh
mém dugc mé ta & Hinh 2.3. MOt vién da tham va hai to
gidy loc bang vai dia ky thuat dugc d4t & hai dau mau. Vién
da tham tai hai bé mat dé phan bé déu ap luyc lén mau.
Cac tam gidy loc d€ ngan chan sy tréi ra cla cac hat min tu
mau thit. Nudc dung thi nghiém tham dugc loai bé bot khi
trude khi cho thdm qua mau. Céc thi nghiém tham dugc
thuc hién trong diéu kién nhiét doé phong thi nghiém dao
dong tu 27 - 35°C.
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Hinh 2.3: Thiét bj thdm c6 thanh mém
Hé s6 thdm cla mau dat ty nhién k_, va cac mau
soilcrete, k_ & nhiét d6 thi nghiém dugc tinh theo céng thic
(1), hoac (2) tlry theo phuang phap thi nghiém [1]:
Theo nguyén ly c6t dp vao ha - c4t &p ra khéng déi:

al h
k=2.303—.log—L+ 1
At gh1 W

Theo nguyén ly cot ap vao ha - cot ap ra dang:
N al h
_a)k_2'3032A.t'10g A 2)
Trong do: k - Hé s8 tham (m/s); L - Chiéu dai cia mau
(m); A - Dién tich tiét dién mau (m?); a - Dién tich tiét dién
éng nudc chdy vao mau (m2); t= t,- t,- Khodng thai gian xac
dinh chénh cao c4t ap h, va h,(gidy); h,- Chénh cao cot 4p
tai thai diém t, (m); h,- Chénh cao cot 4p tai thdi diém t,(m).
Hé s6 tham & nhiét d6 thi nghiém dugc quy ddi vé
nhiét d6 chuan 20°C theo céng thic (3):
ky =Ry xk 3)
Trong do: k,,- Hé s6 tham & nhiét d6 chudn 20°C (m/s);
k - Hé s6 tham & nhiét d6 thi nghiém; R.- Hé s6 quy déi
d6 nhét cda nudce theo nhiét d6, dugc xac dinh theo Tiéu
chudn ASTM D5084 [1].

(ain :aour

3.KET QUA VA THAO LUAN ,

3.1. Anh huéng ham lugng xi mang Ién hé s6 tham
mau dat cat trén xi ming

Hé s6 tham ctia mdu dat cat tu nhién chua xu ly duoc
dam chit & do dm t6t nhat, dat cat tron xi mang OPC ham
luong Ian lugt 200, 250, 300, 350, va 400 kg/m® & 28 ngay
tudi thé hién trén Hinh 3.1. K&t qua thi nghiém cho thay, hé
s6 tham soilcrete gidm dang ké tir 10° dén 10 1an so vai dat
cat tu nhién dugc dam chat va hé sé tham soilcrete gidm khi
tang ham lugng xi mang. Két qua nay tuong déng véi nghién
cliu ctia [6,8,9,10]. Bat cat tron xi mang, phan Ung thly héa
xi mang dién ra trong mau soilcrete tao ra cac khoang vat
calcium-silicate-hydrate (CSH), calcium-aluminate-hydrate
(CAH) va canxi hydroxit (Ca(OH),). Cac sdn phdm nay ngam
nudc ¢ dang gel nhanh chéng chiém ché tréng trong mau
soicrete, giam d6 rong, gidm kha nang lién két gitra cac 16



rbng trong dat, dan dén hé sé thdm giam [5]. Mau soicrete
¢4 ham lugng xi mang I6n hon tao ra nhiéu san pham dang
gel hon, két qua hé s6 tham thap hon.

1.0E-04
i eS 0 SC1 ASC2
E ©SC3 xS8C4 S8C5
7 108064 .
E f “
<D \\
J : Q
< 10E-08 { 5
_(g ’ y = 3E-05e-0034x
< A R2=0.9731
«8 i O\x
£ 10810 ¢ O
1.0E-12 + : ; , ; :
e 8 8 8 8 S 3
= o~ (30 <t w @0

Ham lwong xi mang (kg/m?)
Hinh 3.1: Hé s thdm méu cét tu nhién
va cdc miu soilcrete & 28 ngay tubi

Két qua nghién cu cho thdy méi quan hé gita hé s6
tham soilcrete cat san lap véi ham lugng xi mang cé thé xac
dinh theo céng thuc (4):

kx - 3’1075.8-0.034.4_ 4)

Trong dé: k_- Hé s6 tham soilcrete cat (m/s), A_- Ham
luogng xi mang OPC40 (kg/m?).

3.2. Hé s6 tham cla mau dat cat tron xi mang theo
thai gian

Hinh 3.2 chi ra &nh hudng cua thdi gian bdo dudng 1én
hé s& tham cla dat cat tron xi mang vdi cdc ham lugng khac
nhau Ian luot 200, 250, 300, 350 va 400 kg/m?*. Hé s6 tham
clia tat cd cac mau soilcrete déu gidm theo thai gian bao
dudng. Xu hudng tuong tu dugc bao cdo bai [7,10,11]. Hinh
3.2 cho thdy k_hé&u nhu khong déi sau 15 ngay bao dudng
déi véi cAc mau c6 ham lugng xi mang thap hon (200, 250
kg/m?). Tuy nhién, cac mau soilcrete c6 ham lugng xi mang
I6n hon (300, 350, 400 kg/m?), k_ ti€p tuc giam manh ngay
ca sau 15 ngay bado dudng. K&t qua nay cho thay, viéc gidm
hé s6 tham theo thai gian lién quan truc tiép dén thai gian
thdy héa hét xi mang trong mau soilcrete. Tai ham lugng xi
mang cao hon, cac phan Uing thay hda mat nhiéu thai gian
hon dé hoan thanh bén trong mau soilcrete [9].

1.0E-04
¢8C1 aS8C2 o8C3
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«J 1.0E-08 ¢
£
bl
£
«Q
N
« 1.0E-10 -+
x
1.0E-12

o o w D e
Thoi gian {ngay)

Hinh 3.2: Hé s6 thdm cua cdc méu soilcrete
theo théi gian bdo dubng
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3.3. Anh hudng cia loai xi mang lén hé sé tham
mau dat cat trén xi mang

Anh hudng cla loai xi mang lén hé s6 thdm clia mau
dat cat tron xi mang dugc danh gia bang cach so sanh két
qua hé s6 tham cla cadc mau cat trén cing moét ham lugng
xi mang 300 kg/m3 vdi 3 loai xi mang khac nhau OPC, PCB,
PCS, tuong ung (Hinh 3.3). K&t qua cho thay, hé s6 tham k,
cQia mau cét tron xi mang PCB la cao hon so vdi hai loai con
lai. Hé s& tham clia mAu cét tron xi mang OPC thap hon méu
cat trén xi mang PCS trong giai doan trudc 35 ngay tudi. Tuy
nhién, sau 35 ngay tudi, k, ciia mau cat tron xi mang PCS
ti€p tuc gidm manh va tré nén thap hon k cla mau cat tron
xi mang OPC. Markou & Droudakis (2013) da tim thdy xu
hudng tuang ty. Xi méng OPC chira 96% clinke, cac khodng
chat ctia clinke thiy héa tao ra C-5-H, C-A-H, Ca(OH),. Trong
giai doan ngdn han, mau dat tron xi mang OPC tao ra san
pham dang gel C-S-H, C-A-H nhiéu hon mau dat cat tron xi
mang PCS, dan dén hé s tham thap hon. Nguac lai, xi mang
xi 16 cao ngoai clinke con ¢é thanh phan pozzolan trong xi
(Si0,, Al,O,). Ca(OH), tao ra tir qua trinh thay hoa clinke tiép
tuc tac dung cac pozzolan tao ra sén pham dang gel C-S-H,
C-A-H. Theo chiéu hudng nay, qua trinh thly hda xi méng
PCS dién ra cham han, trong giai doan dai han lugng san
pham dang ge! sinh ra nhiéu han so védi xi mang OPC [14].
Két qua k_clia mau dat trén xi mang PCS gidm cham hon
va thap hon so vai mau dat tron xi mang OPC. Bén canh
do, xi mang PCS ¢ d6 min cao hon xi mang OPC, nén tang
kha nang lap day 16 réng trong méau soilcrete dan dén hé sé
tham thap hon (141,

1.0E-04

©8C3

ASB 0OSS

1.0E-06 +

1.0E-08 +

Hé sé thdm k,_,, (m/s)

@ 10E-10 ¢

1.0E-12 +
o

Thei gian (ngay)

Hinh 3.3: Hé sG tham cta cac mu soilcrete tao
tir cdc loai xi mang khac nhau

4. KET LUAN

Tadm mau soilcrete da dugc ché tao trong phong thi
nghiém ti dat cat san 1ap tinh Bong Thap trén véi ba loai
xi mang OPC, PCB va PCS tai cac ham lugng khac nhau lan
lugt 200, 250, 300, 350, 400 kg/m3. Hé s6 thdm cua cac mau
soilcrete da dugc khao sat bang thi nghiém tham theo
phuong phap cot 4p vao giam - cot p ra khong déi hoac
cOt &p vao gidm - cot ap ra dang trén thiét bi tham thanh
mém. Déi vai mau dat cat ty nhién dam chat dugc thuc
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hién thi nghiém tham trén thiét bi thanh cing. Cac két luan
dugc rit ra tu cac thi nghiém nhu sau:

- Hé 56 tham dat cét tron xi mang gidm dang ké tir 1072
dén 107 lan so vdi dat cat tu nhién;

- Hé s6 tham dat cat trén xi mang gidm khi ting ham
lugng xi mang;

- Hé 56 tham dat cat tron xi mang giam theo thdi gian
bao duéng;

- Hé s6 tham dat cat tron xi mang PCS thap hon so véi
trén vai xi mang OPC va PCB;

- Hé s6 tham dat cat tron xi mang dat tir 8,07 x 108 m/s
dén 4,86 x 10" m/s.

L&i cam on: Nghién ctru nay dugc thuc hién ti nguén
kinh phi nghién ctu cda dé tai loai B - Dai hoc Quéc gia TP,
H6 Chi Minh, ma s6 B2018-20-04. Nhém nghién ciu chan
thanh cam on Dai hoc Quéc gia TP. H6 Chi Minh va Trudng
Pai hoc Bach khoa da hé trg hiéu qua trong suét qua trinh
nghién cuu.
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