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Optimization of unconfined compressive strength of surface saoil in Can Tho City improved
with cement and additive using response surface methodology
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Bai bao nghién ciru nhdm tdi vu cuing da nén khang ne hang
(UCS. qu) cia dét gia cd bang xi mang va phu gia DZ33, sir dung
phuong phap bé mat dap ang (RSM) vai thigt ke trung tam hop
thanh (CCD). Ba yéu td dugc khao sat gdm ham lrong xi méng
(0 - 6%). ham lreng phu gia (0 - 0,006%) va thari gian bao dwéng
(14 - 28 ngay). K&t qua ANOVA cho thady ma hinh héi quy béc hai
ch § nghia thiing ke (p < 0,001; R? = 84,72%). trong dd ham lrong
xi mang |3 y&u td &nh hudng lén nhat, tiép theo |3 thai gian bao
duirng, can phu gia ca anh hrdng phi tuyén. Diéu kien tdi vu (6%
xi mang, 0.006% DZ33 va 24.5 ngay bao duing) cho gia trj UCS
du béo dat 4,691 MPa. K&t qua khang dinh higu qua cia gii phap
gia cf xi mang - phu gia va cho thady RSM-CCD |a phuong phap
hiéu qua trong tdi ru haa gia cd dat.

Tir khaa: D4t cai tao xi mang; phu gia DZ33; cuing da nén khang
nir hing; gia cd dat; phueong phap bé mat dap ing; thigt ke trung
tam hgp thanh.

1. DAT VAN PE

Dong bang sdng Cliu Long, dac biét la Can Tho c6 nén dat yéu
phan bé rong, I6p dat bé mat cha yéu la bui va sét déo lan hitu co
chiéu day tir 0,5 - 2 m. Theo TCVN 9436 -2012 [1], I6p dat nay khéng
thich hgp lam nén hay vat liéu dap, nén thusng dao bo trong qua
trinh xay dung. Nhiéu nghién ctu da ap dung phuong phap cai tao
dat bang chat két dinh vo co két hgp phu gia nham cai thién tinh
chat co ly va kha nang chiu tai ctia dat [9, 11-14, 18].

ABSTRACT

This study aims to optimize the unconfined compressive strength
(UCS. qu) of soil stabilized with cement and a DZ33 enzyme-based
additive using Response Surface Methodology (RSM) with a Central
Composite Design (CCD). Three factors were investigated, including
cement content (0 - 6%), additive dosage (0-0.006%). and curing
time (14 - 28 days). The ANOVA results indicate that the quadratic
regression model is statistically significant (p < 0.001; R* = 84.72%).
in which cement content is the most influential factor, followed by
curing time, while the additive exhibits a nonlinear effect. The optimal
condition (6% cement, 0.006% DZ33 and 24,5 days of curing) yields
a predicted UCS of 4,691 MPa. The results confirm the effectiveness
of cement - additive stabilization and demonstrate that RSM-CCD is
an efficient method for optimizing soil stabilization systems.
Keywords: Cement-treated soil; additive DZ33; unconfined
compressive strength; soil stabilization; response surface
methodology; central composite design.

Cudng dé nén né héng (q) dugc xac dinh theo TCVN
9438:2012 hodc ASTM D2166/D2166M [2, 15]. Gia tri nay phu thuéc
déng thai vao nhiéu yéu t6 nhu ham lugng xi mang, loai dat, thoi
gian dudng ho va phu gia. Cac nghién ctiu gan day cho thay viéc két
hop phu gia khoang hodc phu gia hoat tinh c6 thé cai thién dang ké
cudng dé va cdu trdc vi mé cta dat-xi mang [5, 7].

DZ33 la loai phu gia hoat tinh dugc sit dung nham tang cudng
phan (g thay hoa, cai thién cau trac lién két va nang cao cudng do

ISSN 2734-9888 | 06.2026 XAYDUNG |381



NGHIEN CUU KHOA HOC

cla vat liéu gia c6 [6]. Tuy nhién, hiéu qua ctia DZ33 phuy thudc vao
ham lugng st dung va su tuong tac vdéi xi mang cling nhu thai gian
dudng hé. Néu lya chon ty 1& khong hgp ly, hiéu qua cai thién cudng
d6 c6 thé khong dat téi uu, tham chi gay lang phi vat liéu.

Phuong phéap bé mat dap (ing (Response Surface Methodology
- RSM) két hgp vdi thiét ké thi nghiém trung tam (Central Composite
Design - CCD) da dugc ap dung rdng rdi trong nghién cdu vat liéu 1). M6t s6 dac trung vat ly va thanh phan hat ctia dat nghién ctdu
xay dung va dia ky thuat nham mé hinh hoa va t6i uu hoa cac théng phén tich theo TCVN hién hanh dugc trinh bay trong Bang 1.
s6 anh hudng dén cudng d6 vat liéu [4, 10]. Phuong phap nay cho . > —
phép danh gia dong thai anh hudng tuyén tinh, phi tuyén va tuong - 2
tac gitta cac bién ddc lap, déng thdi xac dinh t6 hgp thong s6 téi uu
vGi s6 lugng thi nghiém hgp ly.

Nghién ctiu nay tap trung téi uu hoa cudng dé nén khéng né
héng clia dat bé mat tai Can Tho céi tao bang xi mang két hgp phu
gia DZ33 theo phuong phap bé mat dap uing. Muc tiéu ctia nghién
ctu la: (i) Xay dung mé hinh héi quy du bao g, theo cac bién; (ii)
danh gid muc d6 anh hudng cla tiing yéu t6 thong qua phan tich

phuong sai; (iii) xac dinh diéu kién nham dat gia tri q, 16n nhat trong
pham vi khao sat.

2.VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1.Vatliéu thi nghiém
Dat mat dugc ldy tai xa Thanh Tién, Vinh Thanh, Can Tho (Hinh

Hinh 1. Vi tri [dy mau dat thi nghiém

Bang 1. Mét sé dac trung vat ly cila mau dat nghién ctu

STT Cd'sang Ky hiéu Pon vi Ham lugng lotsang | STT Chi tiéu Ky hiéu Pon vi Gia tri

Thanh phan hat dat (mm) 2 Khi lugng riéng P g/cm? 2,48
50,0 P % 100 3 Gigi han chay W, % 65,69
37,5 P % 100 4 Gidi han déo W, % 39,46
25,0 P % 100 5 Chi s6 déo I, % 26,23
19,0 p % 100 g | Kndiluong thé tich kho plmes g/cm’ 1392

1 I6n nhat

9,5 P % 100 Do &m tét nhit W, % 21,96
4,75 P % 100 Ham lugng hiu co H % 13,09

2,36 P % 99,7 Do truong nG € % 8,25

0,425 P % 99,2 10 Tri s6 xuyén CBR (95%) CBR % 0,7

0,075 P % 98,5 11 | Tén dattheo AASHTO it bﬁig; (fasg (MH)

Xi mang trong nghién ctru sir dung xi mang Nghi Son PC40 ham lugng 0%, 3% va 6% theo khéi lugng dat kho, xi mang cé thanh phan
héa hoc nhu Bang 2.
Bang 2. Thanh phan hoa hoc ctia xi mang Nghi Son PC40 theo c6ng bé clia nha san xuat

, ALO, Fe,O, Ca0o MgO SO, Na,0 K,0 LOI
20,26 4,81 3,15 63,72 1,94 2,4 0,09 0,65 2,5

Loai xi mang Sio
PC40

Phu gia st dung trong nghién ctu la ché phdm thuong mai DZ33, dugc gidi thiéu la phu gia 8n dinh dat dang 16ng, c6 nguén géc hitu co va
dugc ing dung trong gia cd nén dudng, nén cong trinh giao théng va x ly nén dat yéu [6]. DZ33 thuéc nhém phu gia da enzyme (multi-enzyme
stabilizer), c6 thanh phan hoat tinh hiru ca két hgp vdi cac chat hoat ddng bé mat va mét sé vi lugng, c6 kha nang phéan hay sinh hoc [6].

Trong nghién ctru nay, DZ33 dugc st dung vdi ham lugng 0%; 0,003%; 0,006% theo khéi lugng dat kho va két hgp véi xi mang nham
danh gia anh hudng dong thai ctia phu gia, ham lugng xi mang va thai gian dudng ho dén cudng do nén mét truc clia dat cai tao.

2.2. Quy trinh ché tao mau

Quy trinh tron dat véi xi mang va phu gia, dic mau va thi nghiém dugc thuc hién theo TCVN 9403:2012 [17], ASTM D2166 [3]. D4t nghién
ctu khi dua vé phong thi nghiém dugc phai khé, nghién nhé sau d6 tron véi xi mang va lugng nudc can thiét dé dat dat dén do am tot nhat. Cac
mau dat dugc ché bi dang hinh tru cé dudng kinh d =38 mm, chiéu cao h=76 mm. Sau khi duc xong, mau dugc thao khudn bao dudng trong
diéu kién boc kin & 7 ngay tudi, sau d6 boc bd 16p boc va bdo dudng & nhiét d6 phong 14, 21, 28 ngay & nhiét d6 phong tir 25 - 30°C nhu Hinh 2.
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Hinh 2. Quy trinh ché bi mau, bdo du@ng va nén mau thi nghiém

3. KET QUA THI NGHIEM

M3u ché bj sau khi bdo dudng du ngay tudi dugc 1dy ra thi
nghiém trén may nén mot truc néd hong. Quy trinh thi nghiém dugc
thuc hién theo TCVN 9438:2012 [16] va ASTM D2166 [3], vé6i téc do
gia tai 1% dudng kinh cia mau cho dén khi mau bi pha huy. Két qua
thi nghiém dugc thé hién trong Hinh 3.

Hinh 3 thé hién khoang tin cdy 95% cla q, theo thdi gian
dudng ho (14 va 28 ngay), ham lugng phu gia AD (0; 0,0003; 0,0006)
va ham lugng X (0; 0,03; 0,06).

Két qua cho thay q, tang theo thai gian duéng ho ddi véi tat
ca cac cap phéi. G mau dm ching (X=0; AD = 0), g, tang tir khoang
2,18 MPa (14 ngay) lén 2,44 MPa (28 ngay). Muc tang ro rét hon khi
ham lugng X cao, dién hinh tai X = 0,06 va AD = 0,0006, qu tang tu
khoang 3,07 MPa Ién 4,20 MPa.

Interval Plat of gqu {MPa)
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Hinh 3. Bi€u d6 &nh hudng cta ngay bao duging, ham lugng xi mang va phu gia

Ham lugng X ¢é anh hudng manh nhat dén cudng do. Tai cling
muc AD va thdi gian dudng hg, qu tang rd rét khi X tdang tr01én 0,03
va 0,06. Vidu & 28 ngay va AD = 0,0006, qu tang tir khoang 3,59 MPa
(X=0)1én 3,91 MPa (X = 0,03) va dat 4,20 MPa (X = 0,06).

Anh huéng clia phu gia AD nhé hon va phu thudc vao X. G X
thap, su thay ddi g, theo AD khong r6 rét do khoang tin cay chong
Ian. Tuy nhién, tai X = 0,03 - 0,06, viéc tang AD nhin chung cai thién
qu, dac biét & giai doan 14 ngay.

Gia tri q, 16n nhat dat khoang 4,20 - 4,34 MPa tai X = 0,06 va
28 ngay, gan gap déi so vai mau déi chiing 14 ngay. Két qua khéng
dinh X la yéu t6 chi phoi chinh, trong khi AD d6ng vai tro hé trg cai
thién cdu trac vat liéu.

4. THAO LUAN MO HINH CCD

St dung phan mém Minitab Statistical Software 22 xay dung
ham tuong quan cho g, véi cac bién (X, AD va DAY) dugc két qua
nhu sau:

Probability Plot of gqu (MPa)
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Hinh 4. Biéu d xéc sudt cia qu

Bi€u dé Normal Probability Plot (Hinh 4) cla cudng do khang
nén khong thoat nudc g, cho thay cac diém dit lieu phan bé kha sat
dudng thang chudn va hau hét ndm trong khoang tin cdy 95%. Gia
tri kiém dinh Anderson-Darling (AD) = 0,416 véi P-value = 0,301 >
0,05, cho thay khéng c6 du bang ching dé bac bé gia thuyét rang
dir liéu tuan theo phan bé chuan. Do d6, c6 thé xem tap dif liéu g,
c6 phan bé gan chuén. Ngoai ra, gia tri trung binh cta g 1a 2,763
MPa va dd léch chuan 1a 0,906 MPa véi 20 mau thi nghiém. Két qua
nay cho thdy dir liéu c6 mic d6 phan tan vira phai va phu hop dé su
dung céac phuong phap phan tich théng ké dua trén gia dinh phan
b6 chuén.

K&t qua ANOVA (Hinh 5) cho thay mé hinh héi quy bac haicé y
nghia théng ké cao (F = 15,52; p < 0,001), chiing t6 cac bién doc lap
anh hudng dang ké dén dap Ung. Hé s6 xac dinh R* = 84,72% va R? -
= 79,26% cho thdy mé hinh giai thich tot dit liéu va khéng bi qua
khép. Gia tri R2 =67,47% phan anh kha nang du doan & muc kha.
Do léch chuan phan du nhé (S = 0,4127) va kiém dinh Lack-of-Fit
khong cé y nghia (p = 0,055 > 0,05), cho thdy mé hinh phu hgp véi
dir liéu thuc nghiém.

Analysis of Variance

Source  DF Adj 55 Adj M5 F-Value P-Value
Model 3132191 2e43483 12.2¢ 0000
Lirwirar 3 B.4623 2876 18.57 0000

X 1 555847 2549419 3284 0.000
AD 1 0.5036 030356 296 0108
DAy 1 23673 236752 13.90 0.002

Square 2 47339 237694 1395 0.000
AD*AD 1 44539 449285 20.38 0.000
DAy 1 07449 (.74483 437 0.055

Ervor 14 23B4T Q1T033

Lack-of-Fit 9 21241 023601 453 0.055

Pure Errar 5 02606 Q05211

Tatal 19 15,6038
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Hinh 5. Két qud mé hinh CCD

VEé anh hudng cla cac yéu t6, bién X c6 tac ddéng manh nhat
dén dap ung (F = 32,84; p < 0,001; Coef = 0,748), ti€p theo la DAY (F
=13,90; p = 0,002; Coef = 0,487). Bié€n AD khéng c6 y nghia théng
ké & dang tuyén tinh (p = 0,108). Tuy nhién, thanh phan bac hai AD?
c6 anh hudng rat manh (F = 26,38; p < 0,001; Coef = 1,185), cho thay
tén tai quan hé phi tuyén va gia tri ti uu cta bién nay. Thanh phan
DAY? c6 hé s6 am va gan nguéng y nghia (p = 0,055), phan &nh xu
hudng giam toc d6 tang dap tng theo thai gian.

Cac gia tri VIF < 1,56 cho thay khong tén tai da cong tuyén
dang ké giira cac bién doc lap, ddm bao d6 tin cdy cla cac hé sé
héi quy.

Phuong trinh héiquy g,

q, = 2,422+0,748X+0,224AD+0,487DAY+1,1 85AD? - 0,482DAY? (1)

Pareto Chart of the Standardized Effects
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Hinh 6. Bi€u d6 chudn hda cac hiéu ting va biéu d6 Pareto

Biéu do6 Pareto (Hinh 6) danh gia dinh lugng muc d6 anh
huéng clia cac yéu t6 dya trén gia tri tuyét déi clia hiéu Ging chudn
héa. V&i nguéng y nghia a = 0,05 (gia tri 2,145), cac yéu t6 vugt
ngudng gém (X), (AD?), (DAY) va (DAY?). Trong d6, X c6 anh hudng
manh nhét, tiép theo Ia AD? va DAY. Nguac lai, B (AD) khéng vuot
ngudng y nghia, pht hgp véi két qua ANOVA (p = 0,108), cho thay
anh hudng tuyén tinh cta AD khéng dang ké nhung thanh phan
bac hai lai c6 y nghia théng ké.

Phan tich phan du va kiém dinh gia dinh mé hinh (Hinh 7).
Cac d6 thi phan du dugc st dung dé danh gia muc d6 phu hgp
ctia mo hinh hoi quy bac hai, bao gom: Normal probability plot,
Residuals versus Fits, Histogram va Residuals versus Order.

Bi€u dé xac sudt chudn cho thay cac diém dit liéu phan bé
gan dudng thdng tham chiéu, trong khi Histogram thé hién phan
bé d6i xting quanh gia tri 0, cho thay phan du xap xi phan phéi
chuén. Biéu d6 Residuals versus Fits cho thay cac diém phan bé
ngau nhién quanh truc 0 va khong xuat hién dang phéu, chiing
té phuong sai phan du gan nhu khéng déi. Ngoai ra, biéu d6
Residuals versus Order khéng thé hién xu hudng hoac chu ky ré
rét, cho thay phan du doc 1ap va khong phu thudc vao thi tu thi
nghiém. K&t qua nay xac nhan cac gia dinh co ban ciia mé hinh héi
quy dugc thdéa man.
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Hinh 7. Phan tich bi€u d phan du cung d khang nén né hong qu
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Hinh 8. Két qué cac yéu t6 anh hudng chinh

Ngugc lai, bién AD thé hién méi quan hé phi tuyén véi q.
Pudng cong c6 dang parabol mé 1én véi gia tri qu thap nhat & viing
trung tam va tang & hai phia bién. Diéu nay phu hop véi két qua
ANOVA khi thanh phan bac hai AD? c6 y nghia théng ké cao (p <
0,001), cho thay anh hudng ctia AD chli yéu mang tinh phi tuyén va
tén tai ving t6i uu trong mién khao sat.

Bién DAY ciing c6 quan hé phi tuyén véi q,. Cudng do tang
nhanh khi th&i gian dudng ho tang tir 14 dén khoang 24 - 25 ngay
cht yéu do qua trinh thay héa cta xi mang dién ra manh mé, hinh
thanh cac san phdm C - S - H lam gia tang lién két trong cdu truc
vat liéu. Sau giai doan nay, t6c do phat trién cudng doé gidm dan va
€6 xu hudng 8n dinh, phu hgp véi quy luat phat trién cudng d6 da
dugc ghi nhan trong cac nghién cdu quéc té cta Horpibulsuk et al.
(2010) [8] c6 xu hudng 6n dinh hodc gidm nhe, phan anh qua trinh
phat trién cudng dé cta vat liéu theo thai gian.

Trén Hinh 8 thay rang, cac d6 thi bé mat dap ung va dudng
déng muc cudng d6 qu chiu anh huéng manh nhat bai ham lugng
X, v&i xu huéng tang gan tuyén tinh trong toan mién khao sat. Bién
AD thé hién m&i quan hé phi tuyén rd rét, trong dé gia tri qu thap
hon & vling trung tam va tang & hai phia bién, phu hop véi y nghia
théng ké ctia thanh phan bac hai AD’. Thai gian bado dudng (DAY)
cé tac dong tich cuc dén qu, tuy nhién muc tang c6 xu hudng cham
dan & vung thdi gian cao, phan anh qua trinh phat trién cudng do
tiém can trang théi 6n dinh. Cac dudng déng mdic tuong déi tron
va khéng xuat hién su xodn manh, cho thay tuang tac gitta cac yéu
t6 khéng chi phdi dang ké so vé6i anh hudng riéng |é clia tiing bién.
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Hinh 9. Céc @6 thi Contour va Surface Plot

Parameters
o WP Copaiiia
i Corsirebaity

Reiporns sl Lerwar Tt Upper Weicht Importance  Schslon N AD DSy

Multiple Response Prediction

Variable Setting
X 0.06

DAy 44,4645

Response  Fit SEFit  95% CI 95% P

qu (MPa)] 4691 0.268 [4.117, 5.266) (3.636, 5.746)

Hinh 10. Xac dinh gid tri t6i uu ca q,

Hinh 9 két qua t&i uu hda bang ham mong muén (desirability
function) cho théy gia tri g I6n nhat dat tai X = 0,06; AD = 0,00006 va
DAY = 24,46 ngay, v6i q, du doan = 4,691 MPa. Khoang tin cay 95%
cla gia tri dy doan la 4,117 - 5,266 MPa va khoang du doan 95% la
3,636 - 5,746 MPa, cho thdy do tin cay thong ké cao clia mé hinh. Két
qua nay cho thay diéu kién t6i uu dat dugc khi ham lugng X cao, AD
& vung bién trén va thai gian duéng ho khoang 24 - 25 ngay.

5. KET LUAN

Tu cac két qua thuc nghiém va phan tich mé hinh CCD, c6 thé
rat ra cac két luan chinh sau:

Ham lugng xi mang (X) la yéu t6 anh hudng manh nhat dén
cudng dé nén khong gidi han qu ctia dat bé mat Can Tho. Khi tang X
tur 0 1én 6%, gia tri qu ting gan gap doi, khdng dinh vai tro chi phéi
cla phén Ung thiy héa. Thai gian dudng ho (DAY) lam ting dang ké
cudng dé mau, tuy nhién téc d6 tang gidm dan theo thai gian, phan

anh xu huéng bao hoa cuong d6 sau khodng 24 - 28 ngay.

Phu gia DZ33 khéng c6 anh hudng tuyén tinh ré rét nhung cé
anh hudng phi tuyén rat c6 y nghia théng ké. Diéu nay chiing té ton
tai ham lugng t8i uu ctia phu gia trong mién khéo sat.

M6 hinh RSM-CCD xay dung dugc c6 y nghia thong ké cao (p
<0,001), hé s6 R* = 84,72%, khong c6 sai léch Lack-of-Fit dang ké va
thoéa man cac gia dinh phan du, cho thdy kha nang mé ta va du bao
tét trong pham vi nghién ctu. Piéu kién téi uu xac dinh dugc la: X
= 6%, AD = 0,006% va thdi gian duéng ho = 24,5 ngay, tai d6 q, du
doan dat 4,691 MPa véi do tin cdy cao.

Két qua nghién clru gop phan cung cap co s& khoa hoc cho
viéc tan dung va cai tao 16p dat mat yéu tai dong bang song Cltu
Long bang phuong phép gia c6 xi mang két hop phu gia, huéng téi
gidi phép kinh té va bén viing trong xdy dung nén dudng.
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