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Tom tat: Hién nay, su khan hiém nghiém trong vat liéu truyén
thong nhu dat doi va cat song tai DBSCL dang la thach thiic
I6n. Gii phap tan dung phé pham tir céc nha may nhiét dién
(tro bay, tro day) két hop vai cat nhiém man dia phuong dang
néi Ién nhu mot hudng di dot pha, khong chi giai quyét bai
toan thi€u hut vat liéu ma con xt ly khéi lugng I6n chét thai
cong nghiép. Bai bao trinh bay két qua danh gia toan dién
hiéu qua kinh t€, ky thuat va méi trudng clia viéc st dung
hén hop tro xi - cat man lam nén K95, K98 va (ing dung tro
bay ham lugng cao trong bé tong mat dudng cling. Két qua
chi ra rang cap phoi TX7CM3 (70% tro xi, 30% cat man) dap
(ing xudt sac giGi han Atterberg, cudng do CBR va tiét kiém
88% chi phi vat tu. Ngoai ra, viéc thay thé 30% xi mang bang
tro bay gitip cai thién dong hoc thily hoa, tang cuong do [én
51.2 MPa & tudi 90 ngay va cat gidm t6i 55% lugng phat thai
C02 theo danh gia vong dai LCA.

Tur khéa: Tro bay, Cat nhiém man, Nén dudng K95, Bé téng,
Panh gia vong dai (LCA).

1. DAT VAN DE

Hé théng thé ché phap ly Viét Nam dang co
nhiing buéc chuyén minh manh mé huéng t6i mo
hinh kinh t€ tuin hoan theo dinh huéng ctia Nghi
quyét 136/NQ-CP va Quyét dinh 1658/QD-TTg.
Tai Dong bang song Ctiu Long (PBSCL), hang loat
du an ha tang giao thong quy mo lén dang dugc
trién khai, doi hoi hang chuc triéu mét khaéi vat
liéu dap nén (K95, K98) mébi nam. Viéc phu thudc
qua 16n vao viéc khai thac cat song va dat doi da va
dang gay ra nhiéu h¢ luy nghiém trong vé sinh thai
nhu sat 16 b song, x6i mon ven bién. Trong khi
do, nguon cung cat song hgp phap ngay cang khan
hiém, déy gia thanh vat liéu 1én mtic ky luc.

Mat khac, khu vuc PBSCL dang phai doi mat
v6i lugng chat thai tro xi khéng 16 phat sinh ti cac
nha may nhiét dién than (nhu nhiét dién Duyén
Hai). Hang triéu tin tro xi dang bi luu tri trén cac
bai thai 1 thién, gy 4p luc lén khong gian va tiém
an rti ro 6 nhiém. Clung lic do, viing ven bién lai c6
tri lugng 16n cat nhiém mén. Tuy cat nhiém mén

Abstract: The severe shortage of traditional materials such as
hill soil and river sand in the Mekong Delta poses a significant
challenge to the progress of key projects. Utilizing industrial
by-products (fly ash, bottom ash) combined with local saline
sand emerges as a breakthrough solution, addressing both
material shortages and industrial waste. This paper presents
a comprehensive evaluation of the techno-economic
efficiency and environmental impacts of using fly ash-saline
sand mixtures for K95, K98 subgrades and high-volume
fly ash concrete for rigid pavements. Experimental results
indicate that the TX7CM3 mixture (70% ash, 30% saline sand)
excels in Atterberg limits, CBR, and saves 88% in material
costs. Substituting 30% of Portland cement with fly ash
improves hydration kinetics, pushing compressive strength
to 51.2 MPa at 90 days, while cutting CO2 emissions by 55%
via LCA.

Keywords: Fly ash, Saline sand, K95 Subgrade, Concrete, LCA.

khong phtt hgp cho bé tong c6t thép thong thudng
do nguy co @n mon tu ion clorua, né lai rat tiém
nang dé dung lam vt liéu dap nén mong dudng
hodc cdu kién bé tong khai 16n.

Nghién ctiu nay trinh bay cac két qua thuc
nghiém mot cach c6 hé théng nhdm danh gia tiém
nang st dung hon hgp tro xi - cat mén. Nghién ctiu
di sdu phan tich d€ 1am ro sy dong thuan gitia tinh
bén viing co hoc, tinh kha thi tai chinh thong qua
chi phi vong doi (LCC) va nhiing déng gép phuc
ho6i méi truong thong qua danh gia vong doi (LCA).

2. TGNG QUAN TAI LIEU VA CO'SG' KHOA HOC

2.1. Dac tinh vat liéu tro xi nhiét dién

Tro xi nhiét dién 13 san phdm phu sinh ra sau
qua trinh dét than, bao gom tro bay (80-85%) va tro
day (15-20%). Tro bay c6 hat min (1-150 pm), giau
SiO,, ALO,, Fe,O,. Tro bay loai F (ASTM C618)
c6 ham lugng CaO thdp nén ty than it c6 tinh két
dinh, nhung lai c6 tinh pozzolanic manh: phan ting
v6i Ca(OH), sinh ra tli qud trinh thay hoéa xi ming
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dé tao thanh gel Calcium Silicate Hydrate (C-S-H)
ran chac. Ngugc lai, tro ddy thoé hon (0.1-50 mm),
x0p va nhiéu goc canh, dong vai tro cung cdp khung
xuong co hoc t6t. Viéc tan dung truc tiép hon hop
chua phan tach gitp t6i uu hoéa chi phi xu ly.

Ddc biét, tro bay cung cdp mot lugng hat min rat
ly tudng dé chen khit vao cac 16 rong 16n trong cac
cdp phdi tu nhién, lam cho hon hgp sau khi dam
nén tré nén dac chac va ¢é dung trong cao hon.

2.2. Dac tinh ctia cat nhiém man va co s& phoi tron

Cét nhiém man tai khu vuc Ba Dong (Tra Vinh)
c6 phan bé hat hep, luc dinh két biéu kién ¢ = 0,
khién kha nang chiu tai (CBR) ndi tai rat thap
(<5%). Do d6, n6 khong thé dung doc lap dé dap
nén. Tuy nhién, su két hop gitia khung hat tho (cat
bién, tro ddy) va vat liéu chén l4p (tro bay) giup
duodng cong cap phdi tré nén lién tuc va bam sat
duong ly tudng Fuller-Thompson.

Trong qua trinh dam nén co hoc, cac hat min
tro bay chen 1dp 16 rong vi mo, két hgp véi phian
ing pozzolanic nhe, lam tang dang ké luc dinh va
go6c ma sat trong. Qua trinh nay gitp khda chat cac
hat cat roi rac, tao ra mdt két cau cé stc chiu tai
vugt trdi, hoan toan dép ting dugc yéu cau dap nén
duong dé bao hoac nén duong cao tdc.

3. VAT LIEU VA PHUONG PHAP NGHIEN CUU

3.1. Nguon vat liéu va thanh phan cap phoi

- Tro xi: Stt dung hén hgp tro xi tdng hgp chua
qua phén tach dugc lay tai bai xi nha may Nhiét
dién Duyén Hai. Riéng viéc ché tao bé tong mat
duong bat budc st dung tro bay tinh tuyén Class
E c6 d6 min cao va ham lugng carbon chua chay
thap (LOI < 6%), dat chudn ky thuat ASTM C618
va TCVN 10302:2014.

- Cat nhiém mén: Cat dugc ldy tai mo Ba Dong,
Tra Vinh. Chi tiéuly héa tuén tha TCVN 7570:2006.
Du ham lugng ion Cl- cao hon mtic cho phép ctia
bé tong c6t thép, nd van an toan cho 16p dap nén
duong hoac két cdu khong st dung thép gia cudng.

- Xi méng va Phu gia: Xi mang PCB40 dugc két
hgp véi phu gia siéu déo hé polycarboxylate nham
kiém soat ty 16 Nudc/Chéat két dinh (W/B) & muic
0.32 - 0.35 cho cac cép phoi bé tong cuong do cao.

3.2. Thiét ké cap phéi va tiéu chuan danh gia

- D6i v6i vat liéu dap nén (K95, K98): Thuc hién
phoéi tron Tro xi (TX) va Cat min (CM) theo cac
ty 1&: TX3CM7, TX5CM5, TX7CM3, TX10CMO.
Thuc hién thi nghiém ddm nén Proctor cai tién
(ASTM D1557) d€ xac dinh d6 dm téi wu, dung
trong kho 16n nhat, sau d6 do chi s6 chiu tai CBR
ngam nudc bao hoa 4 ngay.

- boi v6i bé tong xi mang mat duong: Thiét
ké hon hgp theo ly thuyét ctia ACI 211.1, véi cac

mau thay thé xi mang bang tro bay lan lugt: MO
(ddi chiing), M15, M30. Panh gia kha nang chiu
nén (TCVN 3118) va dién lugng truyén qua khang
tham clorua (ASTM C1202) tti 7 dén 90 ngay tudi.
- Panh gia vong doi tich hop (LCA): Cong
cu LCA dugc dp dung theo khudén khé ISO
14040/14044 d€ dinh lugng cuong d¢ nang luong
tiéu thy va phat thai CO2 tuong duong cho 1 Km
duong K95 hodac 1 m3 khoi bé tong thanh pham.

4. KET QUA NGHIEN C('U VA THAO LUAN

4.1.Dactinh dam nén va stic chiu tai dot pha ctia hon

hap K95, K98

Két qua ti thi nghiém dam nén Proctor cai tién
chi ra rang, khi ting ty 1é tro xi phoi tron, dac biét
tai diém ty 1¢ t6i uu TX7CM3 (70% tro xi, 30% cat
man), dung trong khé 16n nhat ctia hon hgp dat
dén gia tri cuc dai. Moi khoang trong co hoc da
dugc lap day toi da.

Dbang kinh ngac nhat 1a chi s6 stic chiu tai CBR,
dugc trinh bay trén Hinh 1. Trong khi mau cat
nguyén thuy chi dat CBR khoang 4.5% (khong dat
chuén), hén hgp TX7CM3 da but pha dat gid tri
CBR dinh 6 45.8% (ap dung dam nén K95) va vion
t61 65.4% (ddm nén K98).

Tri 6 CBR cua cac cap phdi vat liéu dap nén dudng

W D3 nén K95
= Dam nén K98
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Hinh 1. Chi s6 stic chiu tai (BR ctia hon hap tro xi - cit man

Su gia ting nay khong nhiing vugt xa chudn
quy dinh t6i thi€u ctia nén K95 (6%) va K98 (8%)
hang chuc lan, ma con dap ting dugc moi chi tiéu
khit khe nhét danh cho 16p méng phu cép cao
(Subbase). Diéu nay méd ra kha ning tiét giam chi
phi v ciing 16n cho cac két cdu 4o dudng phia trén.

4.2. Cuong d6 co hoc ctia bé tong xi mang ham lugng

tro bay cao

Viéc thay thé mot lugng 16n xi mang bang tro
bay (ty 1&¢ 30%) trong cdp phoi M350 tao ra dong
hoc phan ting thuy hoéa dac trung. Biéu d6 Hinh
2 theo doi qua trinh phat trién cudng d6 chiu nén
don truc tii 7 dén 90 ngay tudi.

Trong 14 ngay ddu, mau M30 phat trién cuong
do kha cham, chi dat khoang 67% stic chiu tai ndi
tai ciia mau MO (d6i chiing). Diéu nay 1a do lugng
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Su phat trién cuding dd chiu nén cua bé téng theo ham lugng tro bay
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Hinh 2. Su phat trién cutmng d@ chiu nén clia bé tong theo thdi gian

xi mdng bi gidm nén lugng C-S-H sinh ra & pha
thay hda so cp it. Tuy nhién, sau 28 ngay, phan ting
pozzolanic bung nd, tiéu thu voi ty do bién thanh
gel C-S-H thu cdp bén viing.

O tudi 90 ngay, miu M30 ghi nhan cudng do
51.2 MPa, cao hon mau M0. Pang luu y, do thuy
héa chdm, nhiét lugng sinh ra trong 72 gi¢ dau
dugc giam thiéu dang ké, giai quyét triét d€ vin dé
ntit v6 do ting sudt nhiét ndi tai trong qua trinh thi
cong bé tong khoi 16n.

4.3.Dac tinh khang xam thucion clorua

Thi nghiém do dién lugng truyén qua (RCPT
- ASTM Cl1202) & 56 ngay tudi cho thdy su suy
gidm d¢ thdm clorua theo cip s6 nhan. Mau M30
ghi nhén chi 850 Coulombs (mtc Rét thdp), trong
khi mau MO vugt ngudng 2200 Coulombs (Trung
binh). Cac gel C-S-H th cdp da phong tda hé thong
giao thong mao quan vi mo, can trg di chuyén cta
cac ion an mon, nang cao vugt bac tudi tho khai
thac ctia mdt dudng cting.

5. HIEU QUA KINH TE - KV THUAT VA MOI TRUONG

5.1. Phan tich t6i uu hoa chi phi vong doi du an (LCC)

Khao sét kinh té tai khu vic DPBSCL chi ra rang,
chi phi van chuyén la nguyén nhan chinh déi gia
cac vat liéu tu nhién nhu déat déi (chd tit An Giang,
Doéng Nai vé€ Tra Vinh). Phan tich LCC t4p trung
vao su khac biét chi phi truc ti€p nay.

Hinh 3 mo ta phan tich du toan cho 1 Km nén
duong K95. Viéc ting dung cap phoi TX7CM3 giap

So sanh chi phi ddu tu tryc tiép trén 1Km duding K95
6181y

5.85Ty
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Chi phi vat liéu tryc tiép (Ty VND / Km)
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-
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DAt déi truyén théng Cat séng

Hn hgp TX7CM3

Hinh 3. Tueng quan so sanh chi phi vat tu dau tu truc tiép trén 1Km

bdc hoi mot ntia chi phi, dua sudt dau tu vat tu truc
tiép tli 6.18 ty VND (dét d6i) lao thdng xudng miic
khiém ton 2.6 ty VND. Con s6 tiét kiém khong 16
88% nay dén tui viéc tro xi ¢6 gia gn nhu bang 0 va
dugc khai thac tai chd. Thém vao do, thoi gian va s6
lugt ca may lu lén gidm ti 15-20% nho tinh chéit dé
thi cdng ctia hon hop.

5.2. banh gia vong doi (LCA) sinh thai

Phén tich LCA tuan tht khudn khé ISO 14040
da cho théy su phuc hdi sinh thai tich cuc tit mo
hinh tai sti dung tro xi.

Déanh gié vong dai LCA: Lugng phét thai CO2 tuong duong
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Hinh 4. Phan tich d6 In phat thai 02 tueng duong theo vong doi

Nho loai trii qua trinh nung da voi (tranh phat
thai carbon ti san xudt xi mang) va tranh viéc hinh
thanh khi metan ti bai chén 14p, hén hop tro xi -
cat mdn cat gidm 55% ligng phét thai CO, khi nha
kinh trén quy mo tng thé.

Hon ntia, né gitp tiét kiém 40% nang lugng
khai thac, giam 96% ap luc dién tich Iuu trii rac thai
ran cho nha mdy dién. Cac tht nghiém ngam chiét
kim loai ndng déu tra vé chi s6 ro ri dudi mic gi6i
han an toan cia QCVN 07:2009/BTNMT tti 10 dén
50 lan, dam bao khong gy 6 nhiém ngudn nudc
ngam sinh hoat.

6. KET LUAN VA KIEN NGHI

Qua cac phan tich chuyén sau ly thuyét va thuc
nghiém, nghién ctiu da chiing minh tinh kha thi,
hiéu qua kinh t€ va d¢ an toan sinh thai ctia viéc
dung tro xi két hgp cat man.

1. V& Ky thudt: Phoi tron 70% tro xi va 30% cat
mdn tao ra cap phoi TX7CM3 siéu viét, dat CBR ti
45.8% dén 65.4%, dap ting hoan hdo tiéu chuén 16p
ddp K95, K98. Viéc thay thé 30% xi mang bing tro
bay giup bé tong dat 51.2 MPa & tudi 90 ngay, khac
phuc nit gay nhiét va cd hé s6 tham clorua rat thap.

2. Ve Kinh té: Giam 88% gia thanh dau tu vatliéu
dap nén so v6i dat do6i truyén thong va ha nhiét 25%
gia thanh cép phdi bé tong, thdo g& diém nghén vt
liéu khan hiém tai DBSCL.

3. V& Moi truong: Danh gid dinh lugng LCA
khéng dinh gi&i phap nay gitip cit gidm 55% phat thai
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khinha kinh (CO,), bao vé hé sinh thdi song ngoi khoi
nguy co sat 16 do ngling khai thac cat tu nhién.

Kién nghi: B6 Xay dung can nhanh chéng ban
hanh cac Tiéu chuédn ky thuat va dinh muc kinh
t€ chuyén biét cho loai vat liéu tdi sinh nay, lam co
s& ddy manh tng dung trong cac dy an cao tdc tai
bBSCL.U
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NGHIEN CU'U SU AN MON COT THEP
TRONG VIEC GIAM SAT SUC KHOE....
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phép nay.Nghién ctiu da dat dugc muc tiéu khoa
hoc chinh 14 x4c dinh va thtt nghiém mdt phuong
phép tich hgp ho trg bsi Al va IoT dé giam sat
khong pha huy sy an mon trong bé tong cot thép.
Khung lam viéc nay c6 thé dinh hudéng cho cac
nghién ctu tuong lai nham tiéu chudn héa hé thong
SHM cho cac ting dung thanh ph6 thong minh.Q
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