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TOM TAT

Bai bdo trinh bay két qud nghién civu thire nghiém ve cwong d chiu nén cia tru ddat xi mang két
hop vdi tro bay khi dwoc sir dung gia co nén dit yéu cho dia chdt & thanh phé Vinh Long. St dung
tro bay dé thay thé mét phan ham leong xi mdng cho tru ddt xi mang nham giam chi phi dong thoi
gidm 6 nhiém méi truong do qud trinh san xudt xi mang. Ni dung ciia dé tai xdc dinh khd ndng chiu
nén ciia mau try dat xi mang cé tro bay véi 4 ham heong khdc nhau (10%, 20%, 30%, 40%) trong
phong thi nghiém cho khu vuee dia chat thanh phé Vinh Long. Sirc khdng nén 1 truc cia mau try ddt
tro bay xi méng tang theo thoi gian bdo dwdng tir 7 dén 28 ngay, dao dong tir 7,2% dén 13%. Sitc
khang nén 1 truc giam sé khi tang ham lwong % tro bay, o ham lwong 10% tro bay dat gia tri cao
nhat (q,=1519,789%Pa), ¢ ham luong 40% tro bay dat gid tri thap nhdt (¢ =1001,811kPa).

Tir khéa: Cuong dé chiu nén, ddt yéu, thoi gian bao dwdng, tro bay, tru ddt xi mang.
ABSTRACT

This paper presents experimental research results on the compressive strength of cement-soil
columns combined with fly ash when used to reinforce weak soil in the geological conditions of
Vinh Long City. Fly ash is used to partially replace cement content in cement-soil columns to reduce
costs and minimize environmental pollution caused by cement production. The study determines the
compressive strength of cement-soil columns with fly ash at four different content levels (10%, 20%,
30%, 40%) through laboratory experiments for the geological conditions of Vinh Long City. The
unconfined compressive strength of fly ash cement-soil columns increases over curing time from 7
to 28 days, ranging from 7.2% to 13%. The unconfined compressive strength decreases as the fly
ash content increases. At 10% fly ash content, the highest strength value is achieved (q, = 1519.789
kPa), while at 40% fly ash content, the lowest value is recorded (g, = 1001.811 kPa).

Keywords: Compressive strength, weak soil, curing time, fly ash, cement-soil column.

chiéu sdu xur Iy dat yéu 1én dén khoang 50m
[1]. Phuong phap nay duoc ung dung kha

1. GIOI THIEU

Hién nay c6 nhi€u cong nghé¢ xu ly nén

dat yéu rat hiéu qua nhu: Tru dat xi mang, bac
tham, bom hut chan khong, gia tai trudc,...
M&i phuong phap c6 nhimng vu va nhuge diém
khac nhau. Phuong phap tru dat xi ming da
dugc dé xuit véi nhitng uu diém thoi gian thi
cong nhanh, cong nghé¢ khong qua phtic tap va
xir 1y kha triét dé van dé lun cuia cong trinh ¢
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nhleu trén cac linh vyc xay dyng nhu: gla cb
nén dudng, twong vay khi thi cong ting ham,
gia co bo ke....

Tro bay 1a phé pham cong nghiép, c6 dang
hat min thu dugc tir qua trinh dbt chdy than da
trong céc 10 hoi cua nha may nhiét di¢n, trong
10 quay cuia nha may xi mang, trong 10 cao
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ctia nha may luyén kim... Thanh phan ciia tro
bay thuong chira cac Si02, Al2Os, CaO, Fe20s,
MgO va SO, ngoai ra ¢ thé chira mot lugng
than chua chdy. Ciing gidng nhu cac phu gia
khoang hoat tinh cho bé tong khéc, tro bay la
mot loai pozzolan nhan tao nén ban than no
da rat min, c6 c& hat tir 1-10um, trung binh
9-15um.

{ &5 R

Hinh 1. Hinh anh tro bay loai F

Trong xdy dung, tro bay giup tang kha
ning khang sulfat, giam tinh thdm va dong
thoi giam phan tng kiém silica. Hién nay, tai
Viét Nam dd c6 mot s6 don vi da thir nghiém
sir dung tro bay dé san xudt xi mang voi ti 18
lan luot va 14% va 18%, giup giam dang ké
lugng dung xi ming ma van dam bao cac yéu
cdu ctia bé tong nho do min cao [2].

Viéc san xuit xi mang phai st dung nhiéu
nguyén li¢u, tai nguyén hoa thach khong tai
tao. Viéc nung luyén clinker, nghién xi mang
da tao ra bui va cac khi thai CO,, CO, NOx,
SOx tac dong khong tot dén modi truong.
Nganh cong nghiép xi ming thé gidi da thai
ra moi trudng 7% tong luong carbon phat thai
toan cau. Boi vy rat nhidu nguoi ludn c6 dinh
kién sy phat trién ctia nganh xi ming s& de doa
moi truong.
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Tur nhitng uu diém cua tro bay c6 thé lam
tang cuong do bé tong nhom tac co y tuong sé
thay thé mot phan ham luong xi mang bang
tro bay dé st dung ché tao try dat xi mang khi
gia c¢6 nén dat yéu, ma van di kha ning chiu
lwe nhung gia thanh lai giam dong thoi giam 6
nhiém moi trudng.

2. NOI DUNG NGHIEN CcUU

2.1 Vat liéu nghién ciru

2.1.1 Dat

Pt duogc khoan tai do sdu 20m thudc
16p dat sb 2 tai khu vuc phudng 3 (tai khu B
truong Pai hoc Xay dung Mién Tay).

Hinh 2. Liy mau dét khoan tai khu B
truong dai hoc xay dung Mién Tay.

Mau duoc danh sé tht tu theo chiéu sau
hd khoan. Sau khi léy mau téi do sau du kién,
véan chuyén mau vé phong thi nghiém Truong
Dai hoc Xay dung Mién Tay dé tién hanh ché
bi mau thi nghiém.

Trudce khi tién hanh tron dat v6i xi mang,
ta tién hanh thi nghiém xac dinh céac chi tiéu
cuia dat tai khu vuc can thi nghiém.

Bang 1: Chi tiéu co 1y cta cac 16p dat tai thanh phd Vinh Long [3].

' ' , LOP DAT
Chi tiéu Ky hi¢u | Pon vi

1 2 3 4 5 6 7
Dung trong uat Y (g/em’) | 1,771 | 1,567 | 1,663 | 1,923 | 1,848 | 1,754 | 1,988
GoOc ma sat 0] (d9) 7°157 | 4°50° | 6°04° | 29°08° | 8°51’ | 18°59’ | 32°25°
Luc dinh C (kg/cm?) | 0,313 | 0,110 | 0,16 | 0,044 | 0,038 | 0,394 | 0,051
Do am W (%) 37,90 | 55,80 | 42,40 | 26,82 | 32,80 | 36,10 | 17,70
Stre chiu nén don q, (kg/cm?) - 0,242 | 0,398 - 0.596 | 2.179 -
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Chi tiéu Ky hiéu | Pon vi LOPDAT
1 2 3 4 5 6 7
Gioi han chay A (%) 41,7 | 53,0 | 46,1 NP 41,6 42,1 NP
Gi61 han déo W, (%) 21,3 | 28,1 253 NP 21,8 23,2 NP
Ty trong hat G, (g/em®) | 2,686 | 2,617 | 2,625 | 2,665 | 2,689 | 2,646 | 2,662
H¢ s6 rSng e - 1,094 | 1,62 1,25 | 0,674 | 0,933 | 1,076 | 0,576
H¢ s6 nén lin a, (ecm?/kG) | 0,111 | 0,207 | 0,128 | 0,022 | 0,045 | 0,027 | 0,016
Chi s6 déo L %) | 203 | 248 | 208 | NP | 199 | 189 | NP
bo sét I - 0,81 1,12 | 0,82 NP 0,6 0,63 NP
Hat sét (%) 42,77 | 36,3 | 33,8 2,6 40,5 22,6 2,8
Hat bui (%) 40,7 | 38,5 | 35,2 7,3 40,5 36,1 9,0
Hat cat (%) 16,6 | 25,2 | 31,0 80,1 19,0 | 41,3 88,2
Hat soi (%) 0 0 0 0 0 0 0
2.1.2 Xi mang Khong str dung xi mang von cuc, xi mang
Trong thi nghiém nay ta ding xi mang Ha 44 luu kho trén 3 thang
tién PCB 40 Tinh chit cua xi ming 13: xi mang c6 kha

nang két ndi cac vat li¢u khac nhau khi tron

véi nudc, tao thanh mot khoi virng chac.

(PCB40) 2.1.3.Tro bay
E HE THONG QUAN LY CHAT LUONG 150 3001 204 Tro bay loai F duoc iy tir nha may nhiét
g dién Duyén Hai 3, tinh Tra Vinh
> Mot s6 chi tiéu chit luong tro bay dugc
4 qui dinh theo tiéu chuan TCVN 10302:2014
() va TCVN 141:2008
o
>o
® NEN TANG PHAT TRIEN BEN VONG
- g (\
m G
z QCVN 16:2014/BXD

CONG TY CP XI MANG HA TIEN
KHO1 LUGNG TINH: 50 Kg

Hinh 3. Xi mang Ha Tién PCB 40

Khi str dung phai dam bao:

Cuong do phat trién t6i thiéu: 16 MPa (3
ngay) va 40 MPa (28 ngay)

Thoi gian bit dau dong két (> 45 phut)

Thoi gian két thic dong két (< 600 phit) Hinh 4. Ly tro bay tai nha may nhiét dién
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Budc 2. Tron dat v6i xi ming, tro bay

N ) b e e \ ~ A, re o \ M ,
e T e W Tron dat v4i xi mang va tro bay bang may
2. 86 lugng mau ;01 (10kg) ~ , , , 4 A , , I3 N
N A tron c6 dung tich 5 lit, toc do c6 murc thap va
3. Naiy nhin miu :01/07/2019 v ; T N ¥ ; )
e CONG TY TNHH MTV AN THANH | cao, tuong ung vo1 toc d(_) 60 vong / phut +5

Customer $6 09, KV3, Luu Hiru Phuéc, P. Chau Vin Liém, Q. O Mén, TP. Cin Tho . . i
5 Trrszfga;f:::jlzimem 02/07/2019 - 10/07/2019 Va 125 Vong / phut :I: 1 0.

6. Phuong phép thi/ Test method  : TCVN 10302 : 2014; TCVN 141 : 2008
7. Két qua thir nghiémy/ Test results _:

Tén chi tiéu Két qua thir nghi¢m
Characteristics Test result
7.1. Ham lugng anhydric sunfuric (SO5), % 2
Sulfur trioxide content
7.2. Ham luong mat khi nung, 0.8
Loss on ignition
7.3. Ham lugng 6xyt nhom (ALOs), % 204
Aluminium oxide content
7.4. Ham lugng oxyt sit (Fex03), % 11,2
Ferric oxide content
| 7.5. Ham lugng oxyt silic (SiO2), % 46.8
Silicon dioxide content
| 7.6. Ham lugng clorua (CLY Chloride content, % <0,01
7.7. Ham lugng CaO ty do (CaOy) % 0.3
Free calcium oxide content

Ghi chi/ Notes: ™ Phuong phap thi/ Test method: Tham khao/ Refer to TCVN 141 : 2008

PHU TRACH PTN XAY DUNG PHO GIAM POC
HEAD OF CIVIL ENGINEERING SRS
TESTING LAB.
L
Trin Huynh Chwong Trlnmg Thanh Son

Hinh 5. Két qua thi nghiém thanh phan hoa
hoc tro bay

2.2 Phwong phdp nghién citu Hinh 6. May tron dat vdi xi mang

Nhom tac gia thu thap tai liéu tham khao Bude 3. Tao mau thi nghiém

trén Cé:lC bai bao cling nhu cac tai liéu hudng Dung cu tao mau 1a cac dng kim loai c6
dan ¢ tim ra ham lugng hay ty 1& % tro bay Kich thuge 50x100mm [5] va dugce ché
thich hop dé thay th¢ mot phan ham lugng xi  44;

mang khi thi nghiém ché tao mau try dét xi
mang ma cuong do nén don khong thay doi
hodc c6 thé ting 1én so v&i mau dat tron xi
mang ma cung ham luong.

2.2.1 Quy trinh thi nghiém

Budc 1. Xéc dinh s6 lugng mau va ty 18 %
tro bay thay thé

Ham lugng xi mang trén dat (X/D) nhom
tac gia tham khao dé tai nghién ctru khoa hoc
trude do, thi ham lugng X/b 1a 200kg/m’ [3],
[4], 1a phi hop véi dia chat Vinh Long .

Bang 2: Ky hiéu va s6 lwong mau thi

nghiém

Kyl Ham o Tyle 1oy | g
hiéu | luong | tro bay ngay | ngay | ngay . 5 ©
mau | X/D %o Hinh 8. Ché bi miu thi nghiém
N1 10% |3 mau|3 mau| 3 mau Budc 4. Thi nghiém miu theo TCVN
N2 20% |3 miu|3 miu|3 miu| 9403-2012

200kg/m? = = o . .
N3 30% |3 mau|3 mau| 3 mau Thi nghiém nén 1 truc dugc thuc hién
N4 40% |3 miul3 miul 3 mau | trén m?'ly CONTRQLS cua Italia, ‘Két qgé

Ta 36 1l thi nghiém dugc ghi nhan tu dong bang phan

ong mat mém DATACOMM
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Béang 3: Cuong do nén don 7 ngay

Ung suét nén Ao, (kPa)

UCl1 ucC2 UC3 | Trung
binh

Ham |10%1325,440|1383,326{1345,543|1351,436

lugng| 509 1211,776 1200,68 | 986,698 |1133,051

tro
30%|1128,777| 888,914 | 900,706 | 972,799

bay
40% | 987,302 | 848,950 | 841,192 | 892,481

UC 7NGAY HAM LUQNG 10% TRO BAY

o1 (kN/m2)
g

0 05 1 15 2 25

€1(%)
—e—UC1 —e—UC2 —e—UC3

Hinh 9. May nén mot truc mau thi nghiém

Hinh 11. Biéu d6 thi nghiém nén 1 truc HL

Cudng d6 khang nén ctia mau dit gia ¢ ¢
g & & & 10% mau bao dudng 7 ngay

duogc tinh theo cong thure [6]

P UC 7 NGAY HAM LUQNG 20% TRO BAY
Ac, =— 10
A g
Trong d6: Ao, (kN/m?) - Cuong do khang T
nén cua mau dat gia cO xi mang. U e L e
€l (%)
P (kN) 'Té.l tI'QIlg phé hO@l. —e—UC1 —e—UC2 —e—UC3
A (m?) - Dién tich chiu nén ctia mau Hinh 12. Biéu @6 thi nghiém nén 1 tryc
. - , _ HL 20% mau bao dudng 7 ngay
3. KET QUA THI NGHIEM
Mau sau khi thao khuén duoc bao dudng UC 7 NGAY HAM LUGNG 30% TRO BAY
sau thoi gian 7, 14 va 28 ngay thi nghiém tién _ 1000
\ . X \ £ 5 E 50
hanh nén mau va dugc két qua nhu sau: 5w
/ = e , k L E ;‘%
A 0 05 1 15 2 25 3 35

£1(%)

—e—UC1 —e—UC2 —e—UC3

Hinh 13. Biéu d(‘} thi nghiém nén 1 truc
HL 30% mau bao dudng 7 ngay

UC 7 NGAY HAM LUQNG 40% TRO BAY

o1 (kN/m2)
-88888%

0 05 1 15 2 25 3 35
€1 (%)

—e—UCl —e—UC3 —e—UC2

— Hinh 14. Biéu dd thi nghiém nén 1 truc
Hinhl0. Hinh anh nén mau thi nghiém HL 40% mau bao dudng 7 ngay

32



Tap chi Khoa hoc va Cong nghé Truong Dai hoc X4y dung Mién Tay (ISSN: 3030-4806)

ol (kN/m2)

0 III
™

m10% 7NGAY m20%7NGAY m30%7NGAY m40% 7 NGAY

Hinh 15. Bi¢u do so sanh cuong do nén don
cac ham lugng mau 7 ngay

Nhdn xét: Trong khoang thoi gian bao
dudng 7 ngay cua cic mau try thi nghiém ¢ ti
1é phéi tron 10% tro bay dat cuong do nén don
cao nhat 1351,436 kN/m?, cuong d6 nén don
giam déan khi ting ham luong tro bay khi phdi
tron, & ti 1€ 20% tro bay dat cuong do nén don
1a 1133,051 kN/m?, két tiép 1a ti 1& 30% tro
bay dat cuong d6 nén don 1a 972,7995 kN/m?
va thap nhat ti 18 40% c6 cuong d6 nén don la
892,4816 kN/m?.

Bang 4: Cudng do nén truc mau 14 ngay

Ung suit nén Ao, (kPa)

Trung
binh
1372,050
1270,770
1030,172
975,940

UCl uc2 ucs3

Ham
luong
tro
bay

1418,107
1217,651
1049,055
1087,549

1366,628
1373,995
1022,641
753,746

1331,416
1220,664
1018,821
986,526

UC 14 NGAY HAM LUQNG 10% TRO BAY

o1 (kPA)

o 05 1 15 2 25 3 35

£1(%)
—e—UC1 —e—UC2 —e-UC3

Hinh 16. Biéu dd Ehi nghiém nén 1 truc HL
10% mau bao dudng 14 ngay

UC 14NGAY HAM LUQNG 20% TRO BAY

1600

1400
~ 1200
2 1000
2 800

p
© 400
0 05 1

15 2
€1(%)

——UC1 —e—UC2 ucs

Hinh 17. Biéu d6 thi nghiém nén 1 truc HL
20% mau bao dudng 14 ngay
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UC 14 NGAY HAM LUQNG 30% TRO BAY

e

15 2
£1(%)

1200
1000
800
600
4
2

o1 (kN/M2

00
00
0

0 05 1

—e—UC1 —e—UC2 uc3

Hinh 18. Bi¢u d6 thi nghiém nén 1 tryc HL
30% mau bao dudng 14 ngay

UC 14 NGAY HAM LUONG 40% TRO BAY

15 2

€1(%)
——UCl ——UC2 —e—UC3

Hinh 19. Biéu dd ~thi nghiém nén 1 truyc HL
40% mau bao dudng 14 ngay

M 10% 14 NGAY  M20% 14 NGAY  M30% 14 NGAY 40% 14 NGAY

Hinh 20. Biéu d6 so sanh cuong do nén don céc
ham lugong mau 14 ngay

Nhdn xét: Trong khoang thoi gian bao
dudng 14 ngay cuiia cac mau tru thi nghiém &
ti 18 phdi tron 10% tro bay dat cudng do nén
don cao nhat 1372,05 kN/m? , cudng do nén
don giam dan khi ting ham luong tro bay khi
phdi tron, 6 ti 18 20% tro bay dat cuong do nén
don 14 1270,77 kN/m? , két tiép 1a ti 18 30% tro
bay dat cuong do nén don la 1030,172 kN/m?
va thap nhét ti 1& 40% c6 cudng d6 nén don 1a
975,94kN/m?.

Bang 5: Cudng d6 nén truc mau 28 ngay

Ung suit nén Ao, (kPa)

Trung
binh
1519,789
1328,698
1042,646
1008,565

UCl uc2 ucs3

10%
20%
30%
40%

1546,620
1473,659
1044,056
1001,121

1537,500
1168,997
1084,553
1022,974

1475,247
1343,438
088,484
1001,601

Ham

luong
tro

bay
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UC 28 NGAY HAM LUQNG 10% TRO BAY

clm(kN/gZ
g =1 8
x

€1(%)

——UC1 —e—UuC2 ua

Hinh 21. Biéu~ dd thi nghiém nén 1 tryc HL
10% mau bao dudng 28 ngay

UC 28 NGAY HAM LUQNG 20% TRO BAY

€1(%)

—e—UC1 —e—UC2 uca

Hinh 22. BiéuNde thi nghiém nén 1 truc HL
20% mau bao dudng 28 ngay

UC 28 NGAY HAM LUQNG 30% TRO BAY

o1 (kN/M2
@
8

0 05 1 15 2 25
€1(%)

——UC1 —e—UC2 —e—UC3

Hinh 23. Bicu d6 thi nghiém nén 1 tryc HL
30% mau bao dudng 28 ngay

UC 28 NGAY HAM LUQNG 40% TRO BAY

o1 (kN/M2
g

0 05 1 15 2 25 3
€1(%)

—e—UC1 —e—UC2 —e—UC

Hinh 24. Bi¢u do thi nghiém nén 1 tryc HL
40% mau bao dudng 28 ngay

8

W10% 28 NGAY ~W20% 28 NGAY  30% 28 NGAY

1600

ol (kN/m2)
N 5 2 2 88 3
o 8888 8 8 8

40% 28 NGAY

Hinh 25. Biéu d6 so sanh cuong do nén
don cac ham lugng mau 28 ngay

34

S6 13 (06/2025)

Nhan xét: Trong khoang thoi gian bao
dudng 28 ngay cuia cac mau tru thi nghiém &
ti 1€ phéi tron 10% tro bay dat cuong do nén
don cao nhat 1519,789 kN/m?, cuong do nén
don giam dan khi ting ham luong tro bay khi
phéi tron, o ti 1€ 20% tro bay dat cuong dd nén
don 13 1328,698 kN/m?, ké tiép 1a ti 1& 30% tro
bay dat cuong d6 nén don la 1042,646 kN/m?
va thap nhat ti 18 40% co6 cuong d6 nén don la
1008,565 kN/m?>.

1600
1400

1200
moo I I I
0 I I I
10% 20%

30% 40%
HAM LUQNG TRO BAY

o1 (kN/M2)
8888

W7NGAY W14NGAY m28NGAY

Hinh 26. Biéu d6 tong hop so sanh thi nghiém
nén 1 truc UC 7, 14 va 28 ngay ham lugng
% tro bay

Nhdn xét: Trong khoang thoi gian bao
dudng tur 7 ngay dén 28 ngay cung ham lugng
tro bay 1a 10%, cudong do nén don tang 12,5%.

Trong khoang thoi gian bao dudng tur 7
ngay dén 28 ngay cung ham luogng tro bay la
20%, cuong do nén don tang 17,3%.

Trong khoang thoi gian bao dudng tu 7
ngay dén 28 ngay cung ham lugng tro bay la
30%, cuong do nén don tang 7,2%.

Trong khoang thoi gian bao dudng tur 7
ngay dén 28 ngay cung ham lugng tro bay la
40%, cuong do nén don tang 13%.

Phdn tich: Viéc thém tro bay vao coc xi
ming dat co thé lam ting hodc giam cuong do
nén mot truc tuy thudc vao nhiéu yéu t6 nhu ty
1¢ tro bay, thoi gian bao dudng, tinh chit cua
dat nén, va phan tmg hoa hoc giira cac thanh
phan. Duéi day 1a nhiing 1y do chinh:

Phan tng pozzolan: Tro bay chura SiO- va
ALO:s, co thé phan tGng véi Ca(OH): tir quéa
trinh thay hoa xi mang dé tao C-S-H (Calcium-
Silicate-Hydrate) giup tang cuong do [6].

Néu ty 1¢ tro bay qua cao, lugng xi ming
bi thay thé nhiéu, din dén thiéu Ca(OH).,
lam giam qua trinh tao C-S-H, dan dén
cudng do thip.
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4. KET LUAN

Noi dung cta dé tai xac dinh kha ning
chiu nén ctia mau tru dat xi méing cé tro bay
v6i 4 lugng khac nhau (10%, 20%, 30%, 40%)
trong phong thi nghiém cho khu vuc dia chét
thanh phd Vinh Long. Tir két qua thi nghiém
dua ra mot sd két qua nhu sau:

- Strc khang nén 1 tryc ctia mau tru dat tro
bay xi mang tang theo thoi gian bao dudng tir
7 dén 28 ngay, dao dong tir 7,2% dén 13%. Strc
khéng nén 1 truc gidm sé khi tang ham luong
% tro bay, & ham lugng 10% tro bay dat gia tri
cao nhat (q =1519,789kPa), & ham luong 40%
tro bay dat gia trj thip nhat (q,=1001,811kPa)

- Qua thi nghiém cho duogc gia tri stic chiu
nén 1 truc & ham luong 10% tro bay 1 cao nhit,
nhung két qua nay van chua khang dinh duoc
&ty 18 10% tro bay dat cuong d6 cao nhat. Néu
nhitng nhém nghién ctru sau c6 nghién ctru vé
dé tai nay thi hudng thuc hién c6 thé thu hep
lai & pham vi tir 0 dén 20% tro bay dé phan tich
& ham luong nao 13 hop 1y nhat.

LOI CAM ON
Ching t61 xin cam on Truong Dai hoc
Bach Khoa, PHQG-HCM da ho tr¢g cho
nghién ctru nay.
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