BO GIAO DUC VA PAO TAO
PAI HQC HUE
TRUONG PAI HOC KHOA HQC

(AN}

DUONG TRUNG QUOC

NGHIEN CUU PAC PIEM VA KHA NANG SU
DUNG Xi THEP LAM COT LIEU CHO BE TONG
TRONG CONG TRINH BIEN

Nganh: Dia chat hoc
M3 sd: 9440201

TOM TAT LUAN AN TIEN Si
PIA CHAT HQC

HUE - 2026




Cong trinh dugc hoan thanh tai Khoa Dia Iy - Dia chit,
Truong Dai hoc Khoa hoc, Dai hoc Hué.

Ngudi huéng dan khoa hoc:
PGS.TS. Tran Thanh Nhan
PGS.TS. B4 Quang Thién

Phan bien Li ..o
PRan DIEN 2: ......oveviiiceee e
Phan bDIEN 3 ..o

Luan &n s& dugc bao vé trude hoi dong cap: Truong Dai
hoc Khoa hoc, Pai hoc Hué vao
luc.........gi10.....ngay




MG PAU
1. LI DO CHON PE TAI

Sy phét trién nhanh cua céng nghiép gang thép 1am phét sinh
khéi lwong 16n xi luyén thép, hay con goi 1a xi thép. Trén thé
gidi, luong xi thép trung binh khoang 110-140 kg/tan thép, trong
khi tai cac nha may gang thép Ién ¢ Viét Nam nhu Formosa Ha
Tinh va Hoa Phat Dung Quat, ty 1& ndy c6 thé dat khoang 150
kg/tin thép. Véi san luong thép cua Viét Nam nam 2025 vuot
24,7 triéu tan va dung the 11 thé gioi, lwong xi thép phat sinh
hang nam 1a rat 16n, riéng hai nha may Ién & mién Trung c6 thé
vuot 3 triéu tAin/nam.

Khéc véi xi 10 cao, xi thép cé thanh phan phc tap hon do phu
thudc vao ngudn nguyén liéu, phé liéu, chét trg dung va cac cong
doan tinh luyén thép. Vi vay, viéc sir dung xi thép trong xay dung
khéng thé chi dua trén kinh nghiém hoic céc két qua thi nghiém
don 1¢, ma can duoc nghién ciu day du vé dic tinh co 1y, hoa hoc,
khoang vat, méi trudng, 6n dinh thé tich va cong nang lam viéc
trong diéu kién thuc té. Pay ciing 1a 1y do cac qudc gia c6 nganh
thép phét trién da xay dung hé thong tiéu chuan, chi dan ky thuat
va cac trung tim R&D chuyén sau dé phét trién cac hudéng su
dung xi thép an toan, hiéu qua va c6 gia tri kinh té. Trong khi dé,
nguon vat liéu xay dung ty nhién nhu da dam va cat song & Viét
Nam ngay cang khan hiém, chi phi khai thac — van chuyén ting
cao, dic biét tai cac ving déng bang va ven bién. Bdng thoi, nhu
cau vé bé tong ning, bé tong cuong do cao phuc vy cong trinh
bién, khdi pha song, két ciu trong luc va cac giai phap phong
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chéng x6i 16 bd bién ngay cang cap thiét. V&i khéi lwong riéng
I6n, d6 cing va kha nang chéng mai mon cao, xi thép cd tiém
ning tré thanh nguon cét liéu thay thé phu hop néu duoc xu 1y,
danh gia va kiém soat chit luong ding yéu cau.

Xuét phat tir cac van dé trén, dé tai “Nghién ciru dac diém va
kha néng sir dung xi thép 1am cét liéu cho bé tong trong cong
trinh bién” duoc lya chon nhim lam 3 co sé khoa hoc va thuc
tién cua viéc tai s dung xi thép 1am cét liéu cho bé tong. Két
qua nghién cau khong chi gop phan giam &p luc bai thai va han
ché khai théac vat liéu ty nhién, ma con ma ra huéng sir dung phu
pham c6ng nghiép dé ché tao bé tdng nang, phuc vu cong trinh
bao vé bo bién va phét trién vat liéu xay dung bén viing theo
dinh hudng kinh té tuan hoan.

2. MUC TIEU NGHIEN CUU
2.1. Muc tiéu chung

Lam sang to6 thanh phan, tinh chat va kha ning sir dung xi
thép trong linh vuc xay dung, ung dung thir nghiém thanh céng
bé téng c6 cbt lidu xi thép trong cong trinh bién.

2.2. Muc tiéu cu thé

- Xéc dinh thanh phan va tinh chat coa cac loai xi thép
Formosa, danh gia kha nang su dung trong linh vuc xay dung,
dic biét 1am cét liéu cho bé téng.

- Panh gia tinh chat cia cac hdn hop xi thép Formosa phbi
tron theo ty 1¢ thai tir nha méy trong dinh huéng lam cét ligu 16n
cho bé tong.



- Ché tao va danh gia tinh chat cua bé tdng st dung hdn hop
xi thép Formosa véi cac kich ban c& cbt liéu Ién khac nhau va
theo dinh huéng dap tng yéu cau bé tdng nang, mac 400.

- Ung dung ther nghiém bao vé cong trinh bién bang khéi
Tetrapod ché tao tir bé tong co cbt lidu xi thép Formosa.

3. NQI DUNG NGHIEN CcUU

Pé dat duoc muc tiéu dit ra, dé tai luan an can hoan thanh céc
noi dung sau:

- Téng quan tinh hinh phat thai, nghién ciru va st dung xi thép
thé gioi, & Viét Nam va ciia nha may FHS trong linh vuc xay
dung, 1am co s¢ xac dinh dinh hudng nghién ciu caa luan an.

- Thu thap, phan loai, bao quan va chuan bj céc loai xi thép
Formosa va vt liéu khac phuc vu thi nghiém, bao dam tinh dai
dién va phu hop vai muc tiéu, néi dung nghién cau.

- Xac dinh thanh phan va tinh chat co 1y cua ting loai xi thép
Formosa va cac hdn hop xi thép theo dinh hudéng sir dung trong
linh vuc xay dung va lam cdt liéu bé tong.

- Thiét ké cap phdi, ché tao va thi nghiém cac loai bé tong str
dung hdn hop xi thép Formosa lam ¢t liéu Ion; so sanh véi bé
tong truyén théng nham danh gia kha ning dap ang yéu cau bé
tdng nang, mac 400 va dinh hudng tng dung trong cong trinh
bién.

- Ché tao 5 khdi Tetrapod bang bé tong st dung cdt liéu xi thép
Formosa va tng dung thir nghiém trong bao vé cong trinh bién.
4. POI TUQNG VA PHAM VI NGHIEN CUU
4.1. Pbi twong nghién ciéu

- Céc loai xi thép Formosa gom xi khir luu huynh (goi tit 1a
xi DeS), xi BOF va xi 10 diic (goi tét 1a xi CAST). Trong d6, xi
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BOF va xi CAST dugc chia thanh 02 loai ¢& hat 0-10 mm (dat
tén la BOF010 va CASTO010) va 0-40 mm (dat tén 1a BOF040
va CAST040). Nhu vay, ddi twong nghién cttu chinh cua luan an
1a 5 loai xi thép Formosa, cu thé:

- Xi DeS khong phan ¢ hat va cé ty I¢ thai la 11,0 %.

- Xi BOF040 va BOF010 c6 ty 1¢ thai lan luot 1a 65,6 % va
16,4 %.

- Xi CAST040 va CASTO010 c6 ty 18 thai lan luot 12 5,6 % va
1,4 %.

Ba loai da dam c¢6 ¢4 hat 5-10 mm, 5-20 mm va 10-40 mm va
1 loai c4t xay dung dang duoc sir dung 1am cét liéu 16n va nho
cho bé tong thuong pham tai tinh Ha Tinh duoc st dung lam ¢t
liéu dbi chang trong nghién cau.
4.2. Pham vi nghién ciu

- Pham vi thoi gian phat thai va thu thap mau cac loai xi thép
Formosa: Cac loai xi thép Formosa dugc thu thap phai dam bao
phét thai theo 3 mé san xuat khéac nhau, phai trai qua qua trinh
xtr Iy tai ngudn va duogc luu thai it nhat 6 thang tai bai luu cua
nha may. Thoi gian thu thap mau cac loai xi thép Formosa duoc
thuc hién tir thang 12/2023 dén thang 02/2024, nghia 1a cac loai
Xi thép nay phat thai va bit dau luu thai theo 3 mé khac nhau tir
thang 6/2023 dén thang 8/2023. Céc loai d4 dam va cat xay dung
cling dugc thu thap trong khoang thoi gian trén.

- Pham vi dinh huéng @ng dung trong cong trinh bién 1a cac
khdi phé song bién bang trong luc khéng sir dung cét thép, cu
thé 1a khdi Tetrapod.



- Pham vi thoi gian danh gid tinh chét cua bé téng va tng
dung thtr nghiém cac khéi Tetrapod 1a 1 nam, tir nam 2025 dén
2026.

- Pham vi khéng gian du kién &ng dung thir nghiém cac khoi
Tetrapod 1a mot vi tri doc bd bién cua tinh Ha Tinh hoic ving
ven bién xung quanh khu virc nha méay FHS.

5. PHUONG PHAP NGHIEN CUU

L4y mau va bao quan mau: Thuc hién theo TCVN 7572-
1:2006, TCVN 11969:2018 va tham khao JIS A 5015:2013, JIS
A 5011-4:2018, BS EN 13242:2002+A1:2007.

Thi nghiém co 1y — k¥ thuat: Xac dinh thanh phan hat, tinh
chat co 1y cua xi thép, hdn hop cbt lidu xi thép, bé tng xi thép,
bé tong ddi ching va khéi Tetrapod theo TCVN 7570:20086,
TCVN 7572-1+20:2006, TCVN 8228:2009, TCVN 9901:2014
va céc tiéu chuan tham khao lién quan.

Phan tich hoa hoc va méi trudng: Xac dinh thanh phan hda
hoc, thanh phan nguy hai va dic tinh méi trueong theo cac QCVN
hién hanh nhu QCVN 07:2009/BTNMT, QCVN 08-
MT:2015/BTNMT, QCVN 09-MT:2015/BTNMT, QCVN 10-
MT:2015/BTNMT, QCVN 40:2011/BTNMT va tham khao JIS
A 5015:2013.

Thi nghiém mé phong diéu kién 1am viéc: Thuc hién cac thi
nghiém ngam chiét, bao dudng, ngdm nudc bién, theo ddi cudng
d6 va danh gia chat lugng bé tong nham mo phong diéu kién st
dung xi thép trong xay dung va cong trinh bién.

6. CAC LUAN PIEM BAO VE
Cac luan diém can bao vé cua luan &n bao gdom:
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- Luén diém 1: Sau qua trinh xtr ly va thu liéu tai ngudn, 4
trong 5 loai xi thép Formosa gdm xi BOF040, BOFO010,
CASTO040, CASTO010 va hén hop tron caa ching theo ty 1¢ thai
tir nha may cé thanh phan va tinh chat dap @ng yéu cau cét liéu
I6n cho bé téng ning, mac 400. Pay 1a co s& khoa hoc dé lua
chon va ttng dung xi thép Formosa 1am cét liéu cho bé tong.

- Luén diém 2: Bén canh hiéu qua thu mau va tai sir dung
cao nhat do c6 dai c¢& hat I6n nhat (5-40 mm), hdn hop xi thép
BC540 thé hién murc d6 1en chit va on dinh cAu trdc tot nhat nén
bé tong BC540 sir dung hdn hop nay lam cét lidu co cuong do,
khdi lugng thé tich cao va on dinh nhét. Day 1a co s& cho dinh
huéng tng dung ché tao khéi Tetrapod bang bé tong c6 cét lidu
Xi thép.

7. PIEM MOI CUA LUAN AN

Nhitng diém méi cia dé tai luan an bao gom:

- Piém méi 1: Luan an di xéac 1ap duoc co so khoa hoc vé
thanh phan, tinh chat va kha nang st dung xi thép Formosa lam
cbt lidu cho bé tdng. Két qua nghién ciu cho thay sau qua trinh
xt Iy, thu liéu va 130 héa phu hop, bén loai xi BOF040, BOF010,
CAST040, CAST010 va cac hdn hop phéi tron caa ching c6 thé
str dung lam cét liéu 16n cho bé téng nang, mac 400. Cach tiép
can nay gop phan chuyén nhugc diém khéi luong riéng 16n cua
xi thép thanh wu thé ky thuat khi tng dung trong két ciu trong
lyc caa cdng trinh bién.

- Piém méi 2: Pinh hudng phéi tron cac loai xi thép theo ty
1é thai gop phan st dung tbi da va tai ché thuan loi cac loai xi
thép trong cing nha may. Hon hop BC540 c6 ty Ié tai sir dung
I6n nhat va wu diém ndi bat nhu kha ning Ién chit va 6n dinh
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cau trdc, nho d6, cuong d6 va khdi luong thé tich cua bé tong
BC540 6n dinh & muc cao cung luong sir dung cbt liéu nho it
nhat. Kha ning Gng dung cua bé tong BC540 bude dau duoc
ching minh qua két qua ché tao va ung dung thir nghiém 5 khoi
Tetrapod trong bao vé cong trinh bién.
8.CO SO TAI LIEU THUC HIEN LUAN AN

Co so tai liéu va sd liéu chinh dé thuc hién cac ndi dung caa
luan an 1a két qua nghién cau tir dé tai “Nghién ctru dic tinh 1y -
hoa, moi trudng Xi thép Formossa va thi diém sir dung lam cét
liéu trong c6ng trinh bao vé bo bién tai tinh Ha Tinh”.
9. Y NGHIiA KHOA HQC VA THUC TIEN
9.1. Y nghia khoa hoc

Luan an cung cép co sé dir liéu vé dic tinh ly — hoa, moi
truong, co ly — ky thuat cua xi thép Formosa, hon hop xi thép va
bé tong xi thép. Két qua gop phan lam rd kha ning st dung xi
thép lam cot liéu cho bé tdng ning, bé tdng cong trinh bién va
bd sung luan ¢t cho viéc hoan thién tiéu chuan, chi dan ki thuat
vé str dung xi thép trong xay dung.
9.2. Y nghia thuc tién

Luan &n chitng minh kha nang st dung xi thép Formosa thay
thé cbt liéu tu nhién dé ché tao bé tdng nang mac 400 va khdi
phé song Tetrapod. Két qua nghién ctru gép phan giam khai thac
vat liéu tu nhién, giam ap luc bai thai xi thép, nang cao hiéu qua
tai ché phu phdm cong nghiép va mé ra huéng tng dung vat liéu
xay dung tai ché trong cong trinh bao vé bo bién.
10. CAU TRUC LUAN AN



Ngoai phan m¢é dau, két luan, kién nghi, tai liéu tham khao va
phu luc, ndi dung chinh cuaa luan an dugc trinh bay trong 4
chuong:

Chuong 1: Téng quan ddi twong va ndi dung nghién cau

Chuong 2: Co sé khoa hoc, phuong phap va khéi luong
nghién cu.

Chuong 3: Thanh phan va tinh chét caa xi thép Formosa.

Chuong 4: Nghién ctu tinh chat cua bé tong xi thép va tng
dung thir nghiém khéi Tetrapod.



CHUONG 1
TONG QUAN POI TUQNG VA NQI DUNG NGHIEN
cuu

1.1. LOAI Xi THEP VA QUA TRINH XU LY, THU
PHAM

Xi thép 1a phu pham chinh trong qua trinh luyén thép, cé
lwong thai trung binh khoang 11-15% khéi luong thép thanh
pham. Hién nay, hai cong nghé luyén thép thd phd bién 1a 10
BOF va 0 EAF. Cong nghé BOF phat thai ba loai xi thép gom
xi DeS, xi BOF va xi CAST, trong khi céng nghé EAF phat thai
xi EAF va xi CAST. Trén thé giai, ty 1& sir dung cong nghé BOF
va EAF thay doi tiy theo diéu kién nguyén liéu, ning luong va
chinh sach cua tiing qudc gia; trong d6 BOF hién van chiém hon
60% san luong thép thd toan cau. O Viét Nam, cac nha may quy
md Ién nhu FHS va HPDQ chu yéu sir dung cong nghé BOF, tao
ra lwong xi thép rat 16n voi tdng luong thai vuot 3 triéu tin/nam.

Tai nha may FHS, quy trinh luyén thép bang céng nghé BOF
gom ba cong doan chinh twong tng phét thai cac loai xi DeS, xi
BOF va xi CAST. Sau xir ly, xi thép Formosa dugc thu pham
thanh 5 loai gdom BOF010, BOF040, CAST010, CASTO040 va
DeS, duoc luu trix riéng biét trude khi st dung hoac xur ly.
1.2. NGHIEN CUU VA SU DUNG XI THEP TRONG LINH
VUC XAY DUNG TREN THE GI10i
1.2.1. Nghién ciu va sir dung xi thép trén thé gigi

Trén thé gisi, do luong thai 16n va c6 nhiéu dic tinh co 1y
thuan loi, xi thép da dugc nghién ciu va su dung rong réi trong
linh vyc xay dung. Vat liéu nay c6 do cang cao, bé mat thd

9



nham, kha niang chéng mai mon, chéng va dap va cuong do
khang cét tot nén co tiém ning thay thé cét liéu tu nhién trong
nén dudng, mong dudng, bé tong nhya, vat lidu san 1ap, bé tdng
va mot sb cong trinh thay loi, ven bién.
1.2.2. Nghién ciru va sir dung xi thép & Viét Nam

O Viét Nam, nghién ciu sir dung xi gang thép da duoc quan
tam tir kha sém, nhung trong thoi gian dai cha yéu tap trung vao
Xi gang, xi hat 10 cao lam phu gia khoang cho xi mang va bé
téng. Nhin chung, cac nghién ctru trong nudc vé xi thép van con
phan tan, quy mad thi nghiém han ché va chua cung cap day du
co s& khoa hoc dé ban hanh tiéu chuan sir dung xi thép.
1.3. LUAN CHUNG PINH HUONG NGHIEN CUU SU
DUNG XI THEP LAM COT LIEU CHO BE TONG
TRONG CONG TRINH BIEN

Str dung thanh céng xi thép 1am cét liéu cho bé tong nang
phuc vu c6ng trinh bién mang lai loi ich kép trong bao vé moi
truong va tai nguyén trong linh vuc xay dung va céng nghiép
gang thép.

CHUONG 2
CO SO KHOA HQC, PHUONG PHAP VA KHOI LUQNG
NGHIEN CUU

2.1. THU THAP VA CHUAN BI MAU CAC LOAI VAT
LIEU

Pé tai da to chtc 3 dot thu thap 5 loai xi thép gom xi DeS,
BOF040, BOF010, CAST040 va CAST010. Téng cong 15 mau
xi thép tuong dwong 43 tin phuc vu nghién ctu.
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2.2. VAT LIEU TU NHIEN CO NGUON GOC PIA CHAT
NOQI SINH VA NGOAI SINH PHUC VU PANH GIA TiNH
CHAT CUA Xi THEP

Dong thoi cling da thu thap mau cua 3 loai da dam, 1 loai cét
xay dung dang duoc sir dung 1am cdt lidu cho bé tong thuong
pham tai tinh Ha Tinh. Tong cong da thu thap 4,5 tin d4 dam va
3 tan cét.
2.3. LUAN CHUNG CO SO KHOA HQC SU DUNG Xi
THEP TRONG PHONG CHONG TAI BIEN PIA CHAT
VUNG VEN BIEN

X6i 16 bor bién 12 tai bién dia chat ngoai sinh phd bién, ngay
cang nghiém trong dudi tac dong caa bién doi khi hau, nudc bién
dang, bdo va &p thap nhiét déi, gay de doa dén co s ha tang, an
ninh kinh té va an sinh x& hoi viing ven bién. Trén co s& dinh
hudng str dung xi thép 1am cét liéu bé téng trong cdng trinh bién,
noi dung nay 1am rd co s& khoa hoc cta khdi pha séng, vai tro
cua khdi lwong thé tich bé tong va luan giai kha nang chuyén dic
diém khéi luong riéng 16n cua xi thép thanh uu diém k¥ thuat
trong ché tao bé tdng niang cho khdi pha song.

CHUONG 3
THANH PHAN VA TINH CHAT CUA XI THEP
FORMOSA
3.1. THANH PHAN VA TINH CHAT CUA Xi THEP
FORMOSA
Két qua phan tich cho thiy xi BOF va xi CAST cuia FHS ¢6
thanh phan héa hoc dién hinh cua xi thép oxy héa, véi hé CaO-
Si02-Fe205-MgO chiém khoang 82-87% khéi lwong va hau nhu
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khong phu thudc vao c& hat. Ham lugng fCaO trong xi BOF va
CAST chi khoang 0,13-0,91%, thip hon nhiéu so v&i ngudng &p
dung cho vat liéu xay dung. xi BOF va CAST chtra cac pha dac
trung nhu Ca(OH)z, CaC03, CazFezos, F6304, Fezo3, FeO va cac
silicat canxi, nguoc lai, xi DeS c6 thanh phan khéc biét, giau
CaO va SOs, xuét hién cic khoang sulfate nhu ettringit, nén
khong duoc uu tién sir dung truc tiép 1am cét liéu bé tdng. Nhin
chung ham lugng cac thanh phan c6 hai vé co trong xi thép
Formosa thap hon ngudng cho phép theo quy dinh hién hanh.

BOF040 va CAST040 c6 ham lugng cét liéu 16n chiém wu
thé, khoang 68,5% va 68,8%, nén pht hop hon dé sang tach,
phdi tron va sir dung lam cét liéu 16n cho bé tong. Nguoc lai,
BOF010 va CASTO010 chu yéu tap trung & nhém cét liéu nho,
dic biét ¢& 2,5-5 mm chiém trén 63%, nén phu hop hon cho vai
tro cbt lieu nho hozc vat liéu phdi tron. Xi DeS c¢6 ham luong
hat min rat cao, trong ¢6 nhém <0,14 mm dat 15,1%, cho thiy
cap phdi khong thuan loi va can xa ly, phdi tron hoic loai trir
khi dinh huéng 1am cét liéu bé tong.

Cac loai xi BOF va CAST c6 khéi lwong riéng cao, khoang
3,43-3,59 g/cm3, 16n hon déng ké so véi ¢t lidu tu nhién, cho
thiy tiém nang lam cdt liéu cho bé téng nang. Xi DeS c¢6 khdi
lwong riéng thap rd rét va do hat nudc rat cao nén khdng thuan
loi dé sir dung truc tiép lam cbt liéu bé téng.

Cac loai xi BOF va CAST c6 khéi luong thé tich x5p cao, chit
yéu khoang 1,87-2,06 t/m3, Ién hon dang ké so vai nhiéu cbt ligu
tu nhién. P6 hdng dao dong khoang 33,6-41,2%, trong do6
CASTO040 c6 d6 hong thap hon, cho thdy kha ning sap xép hat
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va d6 chat tot hon. Xi DeS c6 khéi lugng thé tich xdp rat thap,
chi khoang 1.05 t/m3, khéng phu hop 1am cét liéu cho bé téng.

Két qua cho thay xi BOF va CAST c6 d6 am trung binh
khoang 2,0-3,8%, trong khi xi DeS dat t6i khoang 28,3% do ham
luong hat nho, min cao. Cac loai xi BOF va CAST c6 ham
lwgng hat min nhé hon 0,075 mm dudi 1,5%, dap wng yéu cau
lam cét liéu bé téng. Xi DeS c6 ham luong hat min khoang
8,1%, khong pht hop dé sir dung 1am cét liéu bé tong. CAc loai
xi thép Formosa hau nhu khong 1an bun, sét, vat liéu nhe, tap
lai hay tap chat hitu co.

Céc loai xi BOF va CAST c6 d6 nén dap thap, dic biét ¢ ¢
hat 5-10 mm chi khoang 2,92-4,33% ¢ trang thai kho, phan anh
kha nang chiu nghién tét va pha hop 1am cét liéu 1on cho bé tong.
Do mai mon Los Angeles cua cac loai xi thép Formosa dao dong
khoang 12,47-20,16%, thip hon rat nhiéu so véi gigi han 50%
quy dinh cho cét liéu lon trong TCVN 7570:2006 va TCVN
11969:2018. Theo TCVN 7570:2006 va TCVN 11969:2018,
ham Iwong hat thoi det cho ¢t liéu 16n lan luot khong vuot qua
15% va 35%; do d6, cac loai xi BOF va CAST déu dap tng tét
y&u cau nay.

Két qua thi nghiém cho thay d6 bién dang dai thanh vira cua
tat ca c4c loai xi thép nho hon 0,05% sau 3 thang va nho hon 0,1
% sau 6 thang nén céc loai xi thép Formosa khdng c6 kha nang
xay ra phan (ng kiém - silic. Két qua thi nghiém 196 ngay cho
thdy do truong no thyc té cia cac miau BOF010, BOF040,
CAST040 va CASTO010 lan luot dat khoang 5,45%, 5,06%,
3,11% va 1,47%, déu vuot ngudng 1%. Tuy nhién, khi xi thép
duoc st dung lam cdt lidu bé tong, can danh gia thém cudng do
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va do 6n dinh ctia bé tng theo thoi gian, vi anh huéng thyc té phu
thudc khdng chi vao do truong nd ma con vao luc trrong né va
kha nang kiém ché cua nén xi mang.

3.2. TINH CHAT CUA HON HQP Xi THEP FORMOSA
TRONG PINH HUONG LAM COT LIEU CHO BE TONG

Nghién ctu chi phdi tron bon loai xi BOF040, BOF010,
CASTO040 va CASTO010 theo ty Ié phat thai da hiéu chinh:
73,7%, 18,4%, 6,3% va 1,6% dé thu pham 6 hdn hop. Cac hon
hop BC510, BC520 va BC1040 c6 cap phéi twong dbi phu hop
vé6i duong bao cét lidu 16n, trong khi BC540 min hon, can phdi
hop véi luong cat tu nhién phu hop khi thiét ké bé tong.

Cac hdn hop xi thép c6 khdi lugng riéng, khéi luong thé tich
va d6 hat nuéc twong ddng nhau, I6n hon cét lidu tu nhién
khoang 1,2-1,3 lan nhung van dap &ng yéu cau cot liéu I6n tai
ché loai I. Trong d6, BC540 c6 kha nang lén chat tot hon nho
dai ¢& hat rong 5-40 mm, tao uu thé vé do dic chéc khi str dung
lam ¢t liéu bé téng. Céac hdn hop xi thép da c& hat c6 kha ning
I&n chit tot hon, nén khéi luong thé tich xp cao hon va do 15
rdng thap hon so. Khéi luong thé tich x5p cua cac hdn hop xi
thép cao hon khoang 1,3-1,4 lan so véi da dam Ha Tinh.

Céc hdn hop xi thép Formosa khéng chira tap chét hitu co, vat
lieu nhe hay vat liéu tap lai. Cac loai cit liéu ty nhién ciing dat
yéu cau cdt liéu cho bé tong cap cao hon B30 va cdt lidu 16n tai
ché loai I. Hau hét hdn hop dap ung yéu cau méac d4 dam 140 va
yéu cau lam cét liéu 16n cho bé tong tir B30/M400 tro Ién.

Céc hdn hop xi thép Formosa c6 d6 mai mon thip hon nhiéu
S0 V&i giGi han 50% quy dinh cho cét liéu 16n bé téng trong khi
ham luong hat det cua cac hdn hop xi thép Formosa rat thap, chi
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dao dong khoang 1,3-3,9%, thap hon nhiéu so véi gigi han quy
dinh cho cét liéu 16n bé tong.

Cac hdn hop xi thép Formosa duoc dinh huéng 1am cot liéu
Ién (>5 mm), trong khi thi nghiém phan tng kiém-silic bang
phuong phép thanh vita yéu cau thanh phan hat nhé hon 5 mm
nén khdng thuc hién truc tiép cho cac hdn hop nay.

CHUONG 4. NGHIEN CUU TINH CHAT CUA BE TONG
XI THEP VA UNG DUNG THU NGHIEM KHOI
TETRAPOD

4.1. THIET KE THANH PHAN, CHE TAO VA BAO
DUONG MAU CAC LOAI BE TONG

Sau loai bé tong xi thép duoc thiét ké vai cot liéu 16n 1a cac
hdn hop BC510, BC520, BC1020, BC1040, BC2040 va BC540,
con cét lidu nho 1a cat Ha Tinh. Dong thoi, 3 loai bé tong da dam
sir dung d4 dam Ha Tinh ¢& 510, 520 va 1040 dwogc ché tao dé
dbi chimg; tén bé tong duogc dat theo tén cdt lidu 16n sir dung.

Do cac phuong phap thiét ké thanh phan bé tong thuong ap
dung cho ¢t liéu tu nhién, nghién ctu lya chon quy dinh theo
Cong van 1784/BXD-VP cho bé tong mac 400, do sut 6-8 cm.
Céch chon nay phu hop vai bé tong khéi 16n khdng cét thép,
dong thoi tang luong cdt lidu 16n xi thép, giam luong cat va han
ché phan tang do xi thép c6 khéi lugng riéng cao. Nghién ciu str
dung xi ming PCB40 dé dat bé tdng mac 400, két hop phu gia
Sikacrete PP-1 nham ting bén sunfat va Sikaplast-316 dé cai
thién tinh cong tac, giam nudc.
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4.2. TINH CHAT CUA CAC LOAI BE TONG Xi THEP
TRONG THOI GIAN BAO DUONG
4.2.1. P bién dang pha hiy nén

Két qua cho thay dpnn ctia bé tong xi thép bién dong kha Ién
gitta cAC mAu va chua thé hién quy luat rd rang theo tudi bao
dudng. Tuy nhién, xét theo gia trj trung binh, dprn c6 xu huéng 6n
dinh hoic ting nhe, khoang 3-4 mm ¢ 28 ngay tudi.
4.2.2. Cwong do chiu nén

Tal 28 ngay, cuong do trung binh dat 42,4-46,4 MPa, vuot
khoang 10-21% so V&i yéu cau Rs > 38,5 MPa, ching to cac hon
hop xi thép dap g tét yéu cau cuong do. Su chénh léch cuong do
gitra cac loai bé tong khéng 16n; BC1020 thap nhit véi 42,4 MPa,
trong khi BC540 cao nhét véi 46,4 MPa.
4.2.3. Khéi lrgng thé tich

Két qua cho thiy khéi lwong thé tich cua cac bé téng xi thép
khé 6n dinh theo thoi gian bao dudng va déu dat pc > 2,6 tan/m,
dap g yéu cau cua bé tdng ning. Cac mau phan thanh hai
nhom: nhdm c6 mat d6 cao hon gdm BC520, BC1040 va BC540
VGi pc > 2,7 tan/me3; nhom con lai gdm BC510, BC1020 va
BC2040 c6 pc thap hon nhung van dat yéu cau.

4.3.NGHIEN CUU BO SUNG MOQT SO TIiNH CHAT CUA
BE TONG XI THEP
4.3.1. Cwong d9 chiu kéo khi bira

Két qua cho thay cuong do kéo khi bira cua bé tong BC540
tang theo thoi gian bao dudng, dat trung binh khoang 3,7; 5,2 va
6,4 MPa & 3, 7 va 28 ngay tudi, trong khi bién dang phé huy kéo
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6n dinh khoang 1,5-1,6 mm. Hé sé chuyén ddi Rn/Rke dao dong
7,22-9,39, thap hon gia trj 12,50 cua bé tdng truyén thong.
4.3.2. M6 dun dan hdi

Bé tong BC540 c6 cudng dd nén 28 ngay Rnzs = 46,4 MPa va
mo dun dan hoi tinh khoang 44 GPa, cao hon rd rét so véi bé
téng truyén théng cung cp cuong do (khoang 30-36 GPa).
4.3.3. Cwong d¢ lang tru

Két qua cho thiy cudng do ling tru cua bé tong BC540 dao
dong tir 31,7-42,3 MPa, tuong mg cudng do nén quy d6i Ry =
38,0-50,8 MPa theo hé s6 1,2 cua TCVN 3118:2022.

4.3.4. Pd chéng thAm nwéc

Két qua cho thdy dén cip ap luc cudi cing W12, ca 6 mau
van khong xuét hién thAm qua duéi dang giot nude hoic vét am.
Piéu nay khing dinh bé tdng BC540 c6 kha ning chdng tham
rat tot, pha hop véi dinh hudng sir dung trong méi trudng bién.

4.4, TINH CHAT CUA BE TONG BC540 THEO THOI
GIAN

Cuong d6 nén cua bé tong BC540 tiép tuc tang sau 28 ngay
va duy tri 6n dinh d&én 393 ngay trong ca hai diéu kién dudng am
ty nhién va ngdm nudc bién. Céc gia tri trung binh déu cao hon
rd rét so vai yéu cau bé tong mac 400, cho thay bé tong khéng
bi suy giam cudng do theo thoi gian. Do bién dang phé huy nén
cta bé tong BC540 dao dong khoang 2,5-4,0 mm. Khéi lugng thé
tich cua bé tdng BC540 duy tri kha 6n dinh khoang 2,69-2,76
tAn/m3 va ludn 16n hon 2,6 tin/m3. MAu ngdm nuéc bién co gia tri
trung binh cao hon nhe so v6i mau dudng am ty nhién, ¢ thé do
trang thai bdo hoa nudc va do am cao hon.
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45 CHE TAO KHOI TETRAPOD BANG BE TONG Xi
THEP VA UNG DUNG THU NGHIEM TRONG BAO VE
CONG TRINH BIEN

Céc khéi Tetrapod bé téng truyén thong khoang 2,2 tan, twong
duong thé tich 1 m? véi bé tong BC540 c6 khdi luong thé tich
khoang 2,7 tin/m3, khéi Tetrapod ché tao thtr nghiém chi can thé
tich khoang 0,8 m?® dé dat khéi luong tuong dwong. Sau khi chuan
bi vat liéu, tién hanh d6 bé tdng theo tirng mé tron, dam bing
dam dui. Cac khéi Tetrapod tiép tuc duoc boc vai bd, tudi nudc
lién tuc trong 7 ngay dau va duy tri tudi am it nhat 3 lan/ngay
dén 28 ngay tudi. O 28 ngay tudi, cudng do trung binh dat 46,6
MPa, xap xi két qua thi nghiém bé tdng BC540 trong phong va
vuot khoang 21% yéu cau bé tdng mac 400.

Sau khi hoan thanh bao dudng, tién hanh béc d& va van
chuyén dén khu vuc tng dung thtr nghiém dé theo déi va danh
gi& cac khi Tetrapod tir thang 5/2025. Trong thoi gian tng dung
thir nghiém khu vuc chiu tac dong cua ba con bao 16n va sau 1
nam theo doi va dénh gid, bao g(‘A)m ca giai doan chiu tac dong
ciia cac bdo manh néu trén, vi tri va thé nam cua cac khdi
Tetrapod BC540 hau nhu khong thay d6i so voi ban dau. Két
qua quan séat cho thay cac khdi Tetrapod van 6n dinh, bé mat
khong ghi nhan hu hong bét thudng lon. Két qua thi nghiém cho
thdy sau gan 1 nam lam viéc trong méi truong nudc bién, tri sb
bat ndy cua bé tong cua tat ca 5 khdi Tetrapod 16n hon 40 va do
do dam bao cuong do cua bé tdng méac 400.
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KET LUAN

C6 thé rat ra mot s6 két luan nhu sau:

(1) Xi thép Formosa gdom cac loai xi DeS, BOF010, BOF040,
CASTO010 va CAST040 c6 thanh phan va tinh chat khac nhau
theo cong doan luyén thép va c& hat thu pham. Trong d6, xi BOF
va CAST c6 hé¢ oxit chi dao Ca0-Si0O2-Fe:03-MgO, khéi luong
riéng 16n va tinh chét co hoc tét. Nguoc lai, xi DeS ¢6 ham luong
hat min, d6 hat nude va thanh phan sulfate cao hon nén khong
phu hop 1am cét liéu bé tong.

(2) Céc chi tiéu co ly - k¥ thuat cta xi BOF va CAST, nhu
ham luong hat min, d nén dap, do hao mon Los Angeles, ham
lwong hat thoi det va khéi lugng thé tich xép, dap ang yéu cau
cdt liéu cho bé tong cip cao theo TCVN 7570:2006 va cét liéu
I6n tai ché loai | theo TCVN 11969:2018. Céc hdn hop xi thép
dat mac cét lieu khoang 120-140, c6 wu thé rd vé khdi luong
riéng, do cing va kha nang chéng mai mon so véi da dam ty
nhién. Tuy nhién, nghién citu méi thuc hién thi nghiém d6
trrong né cho 1 mau cua moi loai xi thép va véi vai tro quan
trong ciia thdng sé nay dén tinh chat cia xi thép va do bén lau
cua bé tong xi thép nén can b sung trén cac mau con lai dé co
két qua danh gia toan dién hon tinh chat nay ddi vai xi thép
Formosa.

(3) Han hop BC040 duoc phdi tron tir BOF040, BOF010,
CASTO040 va CASTO010 theo ty 1€ phat thai co thé thu duoc
khoang 61,4% cét liéu 16n 5-40 mm, 36,9% cét liéu nho 0,14-5
mm va khoang 1,6% hat min < 0,14 mm va c6 tiém nang 16n dé
lam ¢t liéu 16n cho bé tong. Trong cac hdn hop xi thép nghién
ctru, BC540 ¢ wu thé rd nhét do 12 hdn hop da c& hat 5-40 mm,
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c6 ty 1& thu hdi cdt lidu 16n cao, khdi luong thé tich 16n, kha ning
I&n chat tét va phu hop véi dinh hudng ché tao bé tdng nang.

(4) Cac loai bé téng co cbt lidu 16n 12 xi thép Formosa déu dat
yéu cau bé tdng ning va méc 400. Cuong d6 nén 28 ngay dat
khoang 42,4-46,4 MPa, vuot khoang 10-21% yéu cau mac 400;
khéi luong thé tich dat khoang 2,63-2,72 tin/m?, cao hon 3 rét
S0 véi bé tong da dam. Bé tong xi thép thé hién wu thé vé khdi
lwong thé tich, cudng do 6n dinh va kha ning bién dang trudc
pha hay.

(5) Bé tong BC540 1a phuong 4n pht hop nhat khi xét dong
thoi cac yéu t ki thuat, hiéu qua va kha ning tai ché xi thép. Bé
téng nay c6 khéi lugng thé tich 6n dinh khoang 2,7 tan/ms,
cuong do nén cao, kha nang chdng tham tét va chwa c6 dau hiéu
suy giam chat lugng trong diéu kién am tu nhién va nudc bién.
Nghién ctru cling da xac 1ap dugc cac ham tuwong quan cho phép
du bao cudng do bé tong BC540 theo thoi gian va theo két qua
thi nghiém sung bat nay, budc dau s dung dé danh gia chat
luong bé tong ché tao khéi Tetrapod khi chua c6 phwong phap
chuan. Tuy vay, két qua nghién ciru ciia luan an mai chi giéi han
t <400 ngay va do d6 can dugc tiép tuc thyuc hién trong thoi gian
1au hon va két hop véi cac thdng s6 chuyén sau vé do bén lau va
d6 bén bién cua bé tdng xi thép trong cac nghién cau tiép theo.

(6) Két qua ché tao va thir nghiém khdi Tetrapod bang bé tong
BC540 budce dau cho thay tiém ning tng dung cua bé tdng BC540
khi cac khéi thir nghiém gir nguyén vi tri sau 1 nim Gng dung
trong diéu kién thuc té, ké ca song Ion do bdo. Tuy vay, két qua
nay chi méi budc dau véi cac thong sé danh gia chat luong don
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gian, mang tinh du bao cuong do bé tdng BC540 va vi tri cac khdi
Tetrapod. Cac nghién ctu chuyén sdu vé cong ning cua khdi
Tetrapod va (g dung tai nhiéu vi tri c6 diéu kién song va tu nhién
khéc nhau can dugc trién khai dé cung cap dit liéu toan dién cho
dinh hudng tng dung quy mo cong nghiép trong tuong lai.

KIEN NGHI HUONG NGHIEN CUU TIEP THEO

Két qua dat duoc va nhitng han ché cua luan an cho phép dé
Xuat mot sé6 hudng nghién ctu can wu tién trong giai doan tiép
theo sau:

1. Tiép tuc nghién ctu tdi wu cip phdi BC540, nang cao tinh
cong tac, giam phan tang, hoan thién quy trinh tron, van chuyén,
d6, dam va bao dudng bé tong cbt lidu xi thép cho diéu kién tng
dung quy md cdng nghiép.

2. Mé rong nghién ctru do bén 1au caa bé tong BC540 trong
moi trudng bién, bao gdm xam nhap chloride, khang sulfate-
magnesium, chu ky kho - wot, mai mon song - cét, 6n dinh thé
tich va su bién ddi viing chuyén tiép cét liéu xi thép - xi mang;
dong thoi kéo dai thoi gian theo ddi cac ham hdi quy va quan
trac khéi Tetrapod.

3. B6 sung quan tric hién truong cac khdi Tetrapod vé 6n
dinh thay luc, dich chuyén, xoay lat, 1Gn, mai mon va suy giam
cuong do; két hop thi nghiém mé hinh vat Iy hoic tinh toan theo
Hudson va Van der Meer dé hoan thién co s thiét ké.

4. M& rong nghién ctru déi véi xi BOF va EAF tir cac nha
maéy luyén thép khac, chuan hda quy trinh xir Iy, 140 hoa va kiém
soat chat lugng theo dinh hudéng wng dung xi thép trong bé tong
nang, cdng trinh bién va cac cau kién bao vé bo.
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INTRODUCTION

1. RATIONALE FOR THE STUDY

The rapid development of the iron and steel industry
generates substantial quantities of steelmaking slag, commonly
referred to as steel slag. Worldwide, slag generation averages
approximately 110-140 kg per tonne of steel; at major
Vietnamese integrated steelworks, such as Formosa Ha Tinh and
Hoa Phat Dung Quat, it may reach around 150 kg per tonne.
With Vietnam's steel output exceeding 24.7 million tonnes in
2025, ranking eleventh globally, annual steel slag generation is
considerable; the combined output of the two major plants in
central Vietnam may exceed 3 million tonnes per year.

Unlike blast-furnace slag, steel slag has a more complex
composition because it depends on the raw materials, scrap, fluxes,
and steel-refining stages. Its use in construction therefore cannot be
based solely on practical experience or isolated test results;
comprehensive investigation of its mechanical, chemical,
mineralogical, environmental, volumetric stability, and in-service
characteristics is required. This explains why countries with
advanced steel industries have developed standards, technical
guidelines, and specialized R&D centers to promote safe, effective,
and economically valuable uses of steel slag. Meanwhile, natural
construction materials in Vietnam, particularly crushed stone and
river sand, are becoming increasingly scarce and more expensive
to extract and transport, especially in lowland and coastal regions.
At the same time, the demand for heavyweight and high-strength
concrete for marine structures, wave-dissipating units, gravity
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structures, and coastal erosion control is growing. Owing to its high
particle density, hardness, and abrasion resistance, properly treated
and quality-controlled steel slag has considerable potential as an
alternative aggregate.

Against this background, the dissertation entitled “Study on
the characteristics and applicability of steel slag as aggregate
for concrete in marine structures” was undertaken to establish
the scientific and practical basis for recycling steel slag as
concrete aggregate. The findings may help reduce pressure on
slag stockpiles and extraction of natural resources while
promoting the production of heavyweight concrete from
industrial by-products for coastal protection and sustainable
construction within a circular economy.

2. RESEARCH OBJECTIVES
2.1. General objective

To elucidate the composition, properties, and suitability of
steel slag for construction applications and to successfully
demonstrate the use of steel-slag-aggregate concrete in marine
structures.

2.2. Specific objectives

- Determine the composition and properties of different types
of Formosa steel slag and assess their suitability for
construction, particularly as concrete aggregates.

- Evaluate the properties of Formosa steel slag blends
proportioned according to the plant's slag generation ratios, with
a view to using them as coarse aggregates in concrete.



- Produce and characterize concrete incorporating Formosa
steel slag blends with different coarse-aggregate size ranges,
targeting M400-grade heavyweight concrete.

- Conduct a trial application of Tetrapod units made from
Formosa steel-slag-aggregate concrete for the protection of
marine structures.

3. RESEARCH CONTENT

To achieve these objectives, the dissertation addresses the
following tasks:

- Review the generation, research, and use of steel slag in
construction worldwide, in Vietnam, and at the FHS plant to
establish the direction of the study.

- Collect, classify, preserve, and prepare Formosa steel slags
and other materials for testing, ensuring representative samples
consistent with the study objectives and scope.

- Determine the composition and physicomechanical
properties of individual Formosa steel slags and their blends for
potential use in construction and as concrete aggregates.

- Design mix proportions, manufacture, and test concretes
incorporating Formosa steel slag blends as coarse aggregates;
compare them with conventional concrete to assess compliance
with M400 heavyweight concrete requirements and suitability
for marine structures.

- Produce five Tetrapod units using Formosa steel-slag-
aggregate concrete and conduct a trial application for coastal
structure protection.



4. RESEARCH OBJECTS AND SCOPE
4.1. Research materials

- The Formosa steel slags studied comprise desulfurization
slag (DeS), basic oxygen furnace (BOF) slag, and casting-stage
slag (CAST). BOF and CAST slags are each separated into two
particle-size ranges: 0-10 mm (BOF010 and CAST010) and 0-
40 mm (BOF040 and CASTO040). The five principal slag types
are therefore as follows:

- DeS slag, without particle-size separation, representing
11.0% of the slag generated.

- BOF040 and BOF010, accounting for 65.6% and 16.4%,
respectively.

- CAST040 and CASTO010, accounting for 5.6% and 1.4%,
respectively.

Three crushed-stone fractions (5-10, 5-20, and 10-40 mm)
and one construction sand, currently used as coarse and fine
aggregates in ready-mixed concrete in Ha Tinh Province, served
as reference aggregates.

4.2. Scope of the research

- Sampling period and production history: Formosa steel slag
samples had to originate from three different production batches,
undergo treatment at the plant, and remain in the plant's storage
area for at least six months. Sampling took place from December
2023 to February 2024; the corresponding three batches had
been generated and placed in storage between June and August
2023. Crushed stone and sand samples were also collected
during this period.



- Intended marine application: unreinforced gravity-type
wave-dissipating units, specifically Tetrapods.

- Duration of concrete property evaluation and Tetrapod field
trials: one year, during 2025-2026.

- Proposed field-trial area: a coastal site in Ha Tinh Province
or along the coast near the FHS plant.

5. RESEARCH METHODS

Sampling and preservation: conducted according to TCVN
7572-1:2006 and TCVN 11969:2018, with reference to JIS A
5015:2013, JIS A 5011-4:2018, and BS EN
13242:2002+A1:2007.

Physicomechanical and technical testing: particle-size
distributions and physicomechanical properties of steel slags,
slag aggregate blends, slag concretes, reference concretes, and
Tetrapod units were determined according to TCVN 7570:2006,
TCVN 7572-1-20:2006, TCVN 8228:2009, TCVN 9901:2014,
and relevant reference standards.

Chemical and environmental analyses: chemical
composition, hazardous constituents, and environmental
characteristics were determined in accordance with applicable
Vietnamese technical  regulations, including QCVN
07:2009/BTNMT, QCVN 08-MT:2015/BTNMT, QCVN 09-
MT:2015/BTNMT, QCVN 10-MT:2015/BTNMT, and QCVN
40:2011/BTNMT, with reference to JIS A 5015:2013.

Simulation of service conditions: leaching, curing, seawater
immersion, strength monitoring, and concrete quality
assessment were carried out to simulate the use of steel slag in

construction and marine structures.
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6. THESES TO BE DEFENDED

The dissertation advances the following propositions:

- Proposition 1: After on-site processing and recovery, four
of the five Formosa slag types—BOF040, BOF010, CAST040,
and CAST010—and blends prepared in accordance with the
plant's generation ratios have compositions and properties
meeting the requirements for coarse aggregates in M400
heavyweight concrete. These findings provide a scientific basis
for selecting and using Formosa steel slag as concrete aggregate.

- Proposition 2: In addition to achieving the highest recovery
and reuse efficiency due to its widest particle-size range (540
mm), the BC540 slag blend exhibits the best particle packing
and structural stability. Consequently, BC540 concrete made
with this blend achieves the highest and most stable strength and
bulk density. This provides a basis for using steel-slag concrete
to manufacture Tetrapod units.

7. NOVEL CONTRIBUTIONS OF THE DISSERTATION

The novel contributions of the dissertation are as follows:

- Contribution 1: The dissertation establishes a scientific basis
for the composition, properties, and suitability of Formosa steel
slag as concrete aggregate. The results show that, following
appropriate treatment, recovery, and aging, BOF040, BOF010,
CASTO040, and CASTO010, together with their blends, can be
used as coarse aggregates in M400 heavyweight concrete. This
approach turns the high particle density of steel slag, often
regarded as a disadvantage, into a technical advantage in
gravity-type marine structures.



- Contribution 2: Blending the different slag types in their
generation proportions facilitates maximum utilization and
recycling within the same steel plant. The BC540 blend offers
the highest recovery rate and advantages in packing efficiency
and structural stability, resulting in BC540 concrete with
consistently high strength and bulk density while requiring the
least fine aggregate. Its applicability has been preliminarily
demonstrated by manufacturing and trial use of five Tetrapod
units for marine structure protection.

8. DATA AND DOCUMENTARY BASIS OF THE
DISSERTATION

The principal data and materials were obtained from the
research project “Investigation of the physicochemical and
environmental characteristics of Formosa steel slag and pilot use
as aggregate in coastal protection structures in Ha Tinh province”.
9. SCIENTIFIC AND PRACTICAL SIGNIFICANCE
9.1. Scientific significance

The dissertation provides a database on the physicochemical,
environmental, physicomechanical, and technical characteristics
of Formosa steel slags, slag blends, and steel-slag concrete. The
findings clarify the suitability of steel slag as aggregate for
heavyweight concrete and marine concrete, and provide
supporting evidence for developing standards and technical
guidelines on its use in construction.

9.2. Practical significance

The dissertation demonstrates the feasibility of substituting

Formosa steel slag for natural aggregates in M400 heavyweight

concrete and Tetrapod wave-dissipating units. The findings can
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reduce the extraction of natural materials and pressure on slag
stockpiles, enhance industrial by-product recycling, and advance
recycled construction materials for coastal protection structures.
10. DISSERTATION STRUCTURE

In  addition to the introduction,  conclusions,
recommendations, references, and appendices, the dissertation
comprises four main chapters:

Chapter 1: Overview of the research subject and related
studies.

Chapter 2: Scientific basis, research methods, and scope of
investigations.

Chapter 3: Composition and properties of Formosa steel slag.

Chapter 4: Properties of steel slag concrete and trial
application of Tetrapod blocks.



CHAPTER 1
OVERVIEW OF THE RESEARCH SUBJECT AND
RELATED STUDIES

1.1. TYPES OF STEEL SLAG AND THEIR PROCESSING
AND RECOVERY

Steel slag is a major by-product of steelmaking, typically
generated at approximately 11-15% of finished steel mass. The
two predominant crude-steel production technologies are the
basic oxygen furnace (BOF) and the electric arc furnace (EAF).
BOF-based production generates three categories of slag
including DeS, BOF, and CAST, whereas EAF-based
production generates EAF and CAST slags. The relative shares
of BOF and EAF technologies vary worldwide with feedstock
availability, energy resources, and national policies; BOF
steelmaking still represents over 60% of global crude-steel
output. In Vietnam, major steelworks such as FHS and HPDQ
predominantly employ BOF technology and collectively
generate more than 3 million tonnes of steel slag annually.

At the FHS plant, BOF-based steelmaking comprises three
major stages associated with DeS, BOF, and CAST slag
generation. Following processing, the slag is recovered as five
separately stored products: BOF010, BOF040, CASTO010,
CASTO040, and DeS, prior to use or further treatment.

1.2. RESEARCH AND USE OF STEEL SLAG IN
CONSTRUCTION WORLDWIDE
1.2.1. International research and applications

Worldwide, the large quantities generated and favorable

physicomechanical properties have led to extensive research and
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use of steel slag in construction. Its high hardness, rough surface,
abrasion and impact resistance, and shear strength make it a
potential substitute for natural aggregates in road subgrades and
bases, asphalt concrete, fill, cement concrete, and certain
hydraulic and coastal works.
1.2.2. Research and applications in Vietnam

In Vietnam, the use of iron- and steelmaking slags has
attracted research interest for some time, but much of the early
work focused on ironmaking slag, particularly granulated blast-
furnace slag as a mineral additive for cement and concrete.
Overall, domestic steel slag studies remain fragmented, with
limited experimental scales and insufficient scientific evidence
to support comprehensive standards for its use.
1.3. SCIENTIFIC RATIONALE FOR USING STEEL
SLAG AS CONCRETE AGGREGATE IN MARINE
STRUCTURES

The successful use of steel slag as aggregate in heavyweight
concrete for marine structures provides dual benefits by
protecting the environment and conserving resources in the
construction and iron-and-steel industries.

CHAPTER 2
SCIENTIFIC BASIS, RESEARCH METHODS, AND
SCOPE OF INVESTIGATIONS
2.1. COLLECTION AND PREPARATION OF
MATERIAL SAMPLES
Three sampling campaigns were conducted for five steel slag
types: DeS, BOF040, BOF010, CAST040, and CASTO10.
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Fifteen slag samples, totaling approximately 43 tonnes, were
collected for the research.
2.2. NATURAL MATERIALS OF ENDOGENOUS AND
EXOGENOUS GEOLOGICAL ORIGIN USED TO
EVALUATE STEEL SLAG PROPERTIES

Samples of three crushed-stone fractions and one
construction sand currently used as aggregates in ready-mixed
concrete in Ha Tinh Province were also collected. In total,
approximately 4.5 tonnes of crushed stone and 3 tonnes of sand
were obtained.
2.3. SCIENTIFIC RATIONALE FOR USING STEEL
SLAG IN THE PREVENTION OF COASTAL
GEOLOGICAL HAZARDS

Coastal erosion is a widespread exogenous geological hazard
that is becoming more severe under climate change, sea-level
rise, storms, and tropical depressions, threatening coastal
infrastructure, economic security, and livelihoods. In the context
of using steel slag as concrete aggregate in marine structures,
this section clarifies the scientific basis for wave-dissipating
units, examines the role of concrete bulk density, and explains
how the high particle density of steel slag can become a technical
advantage in producing heavyweight concrete for these units.

CHAPTER 3
COMPOSITION AND PROPERTIES OF FORMOSA
STEEL SLAG
3.1. COMPOSITION AND PROPERTIES OF FORMOSA
STEEL SLAG
The analyses indicate that FHS BOF and CAST slags exhibit
the typical chemical composition of oxidizing steel slags, with
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the Ca0O-Si0:-Fe203-MgO system accounting for approximately
82-87% by mass and showing little dependence on particle size.
The fCaO content of BOF and CAST slags is only about 0.13-
0.91%, well below commonly applied thresholds for
construction materials. Their characteristic phases include
Ca(OH)2, CaCOs, CazFe20s, FesOa, Fe20s, FeO, and calcium
silicates. By contrast, DeS slag differs in composition, with
elevated CaO and SOs and sulfate-bearing minerals such as
ettringite; it is therefore not preferred for direct use as concrete
aggregate. In general, the concentrations of hazardous inorganic
constituents in Formosa slags are below the permissible limits
of applicable regulations.

BOF040 and CASTO040 contain predominantly coarse
aggregate fractions, approximately 68.5% and 68.8%,
respectively, making them more suitable for screening,
blending, and use as coarse concrete aggregates. In contrast,
BOF010 and CASTO010 consist mainly of fine aggregate, with
the 2.5-5 mm fraction accounting for over 63%, and are more
suitable as fine aggregates or blending materials. DeS slag has a
particularly high fine-particle content, including 15.1% below
0.14 mm, indicating an unfavorable grading that requires
processing, blending, or exclusion when considering concrete
aggregate applications.

BOF and CAST slags have high particle densities,
approximately 3.43-3.59 g/cm3, substantially exceeding those of
natural aggregates and indicating their potential for heavyweight
concrete. DeS slag has a markedly lower particle density and
very high water absorption, making it unsuitable for direct use
as concrete aggregate.
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BOF and CAST slags exhibit high loose bulk densities,
generally around 1.87-2.06 t/m3, significantly greater than those
of many natural aggregates. Their interparticle void contents
range from approximately 33.6% to 41.2%, with CAST040
displaying lower void content and therefore more favorable
particle packing. DeS slag has a very low loose bulk density of
only about 1.05 t/m? and is unsuitable as concrete aggregate.

Average moisture contents of BOF and CAST slags are
approximately 2.0-3.8%, whereas DeS slag reaches about 28.3%
owing to its high proportion of small and fine particles. The
content of particles smaller than 0.075 mm in BOF and CAST
slags is below 1.5%, meeting the requirements for concrete
aggregate. DeS slag has approximately 8.1% fine particles and
is unsuitable for this use. Formosa steel slags generally contain
negligible mud, clay, lightweight material, foreign matter, or
organic impurities.

BOF and CAST slags exhibit low aggregate crushing values,
particularly for the 5-10 mm fraction, which ranges from about
2.92% to 4.33% in the dry condition, indicating good resistance
to crushing and suitability as coarse concrete aggregate. Los
Angeles abrasion losses range from approximately 12.47% to
20.16%, far below the 50% limit specified for coarse aggregates
by TCVN 7570:2006 and TCVN 11969:2018. These standards
specify maximum flaky and elongated particle contents of 15%
and 35%, respectively; BOF and CAST slags readily satisfy
these requirements.

Mortar-bar tests showed expansions of less than 0.05% after
three months and less than 0.1% after six months for all slag
types, indicating no significant potential for alkali-silica
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reaction under the test conditions. After 196 days of testing, the
measured expansions of BOF010, BOF040, CAST040, and
CASTO010 samples were approximately 5.45%, 5.06%, 3.11%,
and 1.47%, respectively, all exceeding the 1% threshold. When
steel slag is incorporated into concrete, however, the strength
and stability of the concrete must also be monitored over time,
because its actual performance depends not only on free
expansion but also on expansive pressure and restraint provided
by the cementitious matrix.
3.2. PROPERTIES OF FORMOSA STEEL SLAG BLENDS
FOR USE AS CONCRETE AGGREGATES

Four slag types including BOF040, BOF010, CAST040, and
CASTO010 were blended in adjusted generation proportions of
73.7%, 18.4%, 6.3%, and 1.6%, respectively, to produce six
blends. BC510, BC520, and BC1040 have grading curves
relatively consistent with the coarse-aggregate grading envelope,
whereas BC540 is finer and should be combined with an
appropriate quantity of natural sand during concrete mix design.

The slag blends have broadly comparable particle densities,
bulk densities, and water absorption, with densities about 1.2-
1.3 times those of natural aggregate, while meeting the
requirements for Type | recycled coarse aggregates. BC540
achieves better packing owing to its broad 5-40 mm particle-
size range, providing a density advantage in concrete. Multisized
slag blends pack more efficiently, resulting in higher loose bulk
density and lower void content. Their loose bulk densities are
about 1.3-1.4 times that of Ha Tinh crushed stone.
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The Formosa slag blends contain no organic impurities,
lightweight materials, or foreign matter. The natural reference
aggregates also satisfy requirements for concrete above class
B30 and Type | recycled coarse aggregates. Most slag blends
meet aggregate strength grades of about 140 and the
requirements for coarse aggregates used in concrete of class
B30/M400 or higher.

The Formosa slag blends have abrasion losses well below the
50% limit for coarse concrete aggregates. Their flaky-particle
contents are also very low, ranging from approximately 1.3% to
3.9%, well below the specified limits.

The Formosa slag blends are intended for use as coarse
aggregates (> 5 mm), whereas the mortar-bar method for
assessing alkali-silica reactivity requires aggregate particles
smaller than 5 mm. Therefore, this test was not performed
directly on the blends.

CHAPTER 4. PROPERTIES OF STEEL SLAG
CONCRETE AND TRIAL APPLICATION OF
TETRAPOD BLOCKS
4.1. MIX DESIGN, PRODUCTION, AND CURING OF

CONCRETE SPECIMENS

Six steel-slag concretes were prepared using BC510, BC520,
BC1020, BC1040, BC2040, and BC540 blends as coarse
aggregates and Ha Tinh sand as fine aggregate. In addition, three
reference concretes were produced using Ha Tinh crushed stone
of sizes 5-10, 5-20, and 10-40 mm. Each concrete was named
after its coarse aggregate.
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Because conventional concrete mix design methods are
generally intended for natural aggregates, the study adopted the
provisions of Official Letter No. 1784/BXD-VP for M400
concrete with a target slump of 6-8 cm. This approach is
appropriate for unreinforced mass concrete, while allowing a
higher content of coarse steel slag aggregate, reducing sand
consumption, and limiting segregation associated with the high
particle density of slag. PCB40 cement was used to achieve
M400 concrete, together with Sikacrete PP-1 to improve sulfate
resistance and Sikaplast-316 to improve workability and reduce
water demand.

4.2. PROPERTIES OF STEEL-SLAG CONCRETES
DURING CURING
4.2.1. Deformation at compressive failure

The compressive failure deformation (dohn) of steel-slag
concrete varied considerably among specimens and did not
exhibit a clear relationship with curing age. Nevertheless, mean
values generally remained stable or increased slightly, reaching
approximately 3-4 mm at 28 days.

4.2.2. Compressive strength

At 28 days, mean compressive strengths ranged from 42.4 to
46.4 MPa, approximately 10-21% above the required Rs > 38.5
MPa, demonstrating that the slag concretes satisfied the strength
requirements. Differences among concrete mixtures were
relatively small: BC1020 showed the lowest strength (42.4
MPa), whereas BC540 had the highest (46.4 MPa).

4.2.3. Bulk density

The bulk densities of steel-slag concretes remained relatively

stable during curing and all reached pc > 2.6 t/m?, satisfying the
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heavyweight-concrete criterion. The mixtures formed two
groups: BC520, BC1040, and BC540 had higher densities (pc >
2.7 t/m3), whereas BC510, BC1020, and BC2040 had slightly
lower densities but still met the requirement.
4.3. ADDITIONAL INVESTIGATION OF SELECTED
STEEL-SLAG CONCRETE PROPERTIES
4.3.1. Splitting tensile strength

The splitting tensile strength of BC540 concrete increased
with curing age, averaging approximately 3.7, 5.2, and 6.4 MPa
at 3, 7, and 28 days, respectively, while tensile failure
deformation remained relatively stable at 1.5-1.6 mm. The
compressive-to-splitting-tensile strength ratio (Rn/Rks) ranged
from 7.22 to 9.39, below the corresponding value of 12.50 for
conventional concrete.
4.3.2. Modulus of elasticity

BC540 concrete exhibited a 28-day compressive strength of
Rn2g =46.4 MPa and a static modulus of elasticity of approximately
44 GPa, substantially higher than that of conventional concrete of
a comparable strength class (about 30-36 GPa).
4.3.3. Prismatic compressive strength

The prismatic compressive strength of BC540 concrete
ranged from 31.7 to 42.3 MPa, corresponding to an equivalent
compressive strength Ry = 38.0-50.8 MPa using the conversion
factor of 1.2 specified in TCVN 3118:2022.
4.3.4. Resistance to water penetration

Up to the final pressure grade W12, none of the six specimens
showed water penetration in the form of droplets or damp patches.
This indicates very good water penetration resistance of BC540

concrete, consistent with its intended marine applications.
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4.4. TIME-DEPENDENT PROPERTIES OF BC540
CONCRETE

The compressive strength of BC540 concrete continued to
increase beyond 28 days and remained stable up to 393 days
under both natural moist curing and seawater immersion. Mean
strengths consistently exceeded the M400 requirement, with no
evidence of strength deterioration over time. Compressive
failure deformation ranged from approximately 2.5 to 4.0 mm.
Bulk density remained relatively stable at around 2.69-2.76 t/m3
and always exceeded 2.6 t/m3. Seawater-immersed specimens
showed slightly higher mean bulk densities than naturally moist-
cured specimens, possibly because of their higher degree of
saturation and moisture content.
45. MANUFACTURE AND TRIAL APPLICATION OF
STEEL-SLAG-CONCRETE TETRAPODS FOR MARINE
STRUCTURE PROTECTION

A conventional concrete Tetrapod weighing approximately
2.2 tonnes has a volume of roughly 1 m3. With BC540 concrete
having a bulk density of approximately 2.7 t/m3, the trial
Tetrapod required only about 0.8 m3 to achieve a comparable
mass. Following material preparation, concrete was placed in
successive batches and compacted using an internal vibrator.
The Tetrapods were wrapped in burlap and continuously wetted
during the first seven days, followed by moist curing at least
three times daily until 28 days. At 28 days, mean compressive
strength reached 46.6 MPa, comparable to laboratory BC540
results and approximately 21% above the M400 requirement.

After curing, the Tetrapods were lifted and transported to the
field demonstration site, where monitoring and evaluation began
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in May 2025. The area was affected by three major storms
during the trial. After one year of monitoring, including these
severe storm events, the positions and orientations of the BC540
Tetrapods were virtually unchanged. Visual observations
indicated that the units remained stable, without major unusual
surface damage. After nearly one year of exposure to seawater,
rebound hammer readings for all five Tetrapods exceeded 40,
indicating compliance with the M400 concrete strength criterion
according to the evaluation adopted in the study.
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CONCLUSIONS

The principal conclusions are as follows:

(1) The Formosa steel slags DeS, BOF010, BOF040,
CASTO010, and CASTO040 differ in composition and properties
according to the steelmaking stage and the size fraction
recovered. BOF and CAST slags are dominated by the CaO-
Si02-Fe203-MgO oxide system and have high particle density
and good mechanical properties. By contrast, DeS slag has a
higher fine-particle content, water absorption, and sulfate
content and is unsuitable as concrete aggregate.

(2) The physicomechanical and technical properties of BOF
and CAST slags including fine-particle content, aggregate
crushing value, Los Angeles abrasion loss, flaky and elongated
particle content, and loose bulk density meet the requirements
for aggregates in high-grade concrete under TCVN 7570:2006
and for Type | recycled coarse aggregates under TCVN
11969:2018. The slag blends achieve aggregate strength grades
of about 120-140 and have clear advantages in particle density,
hardness, and abrasion resistance compared with natural crushed
stone. However, expansion testing was performed on only one
sample of each slag type. Given the importance of expansion to
slag properties and the long-term durability of slag concrete,
additional tests on the remaining samples are needed for a more
comprehensive evaluation of Formosa slags.

(3) The BCO040 blend, consisting of BOF040, BOFO010,
CASTO040, and CASTO010 in their generation proportions, can
yield approximately 61.4% coarse aggregate (5-40 mm), 36.9%

fine aggregate (0.14-5 mm), and 1.6% particles smaller than 0.14
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mm, demonstrating substantial potential as a source of coarse
concrete aggregate. Among the investigated blends, BC540 is the
most advantageous because its wide 5-40 mm size distribution
supports high coarse-aggregate recovery, high bulk density,
favorable packing, and the production of heavyweight concrete.

(4) All concretes incorporating Formosa steel slag as coarse
aggregate met the requirements for M400 heavyweight concrete.
Their 28-day compressive strengths were approximately 42.4-
46.4 MPa, exceeding the M400 requirement by 10-21%; bulk
densities were approximately 2.63-2.72 t/m3, substantially above
those of crushed-stone concrete. Steel-slag concretes offered
advantages in bulk density, stable strength, and deformation
capacity before failure.

(5) BC540 concrete is the most suitable option when
technical performance, efficiency, and steel slag recycling are
considered together. It has a stable bulk density of around 2.7
t/m3, high compressive strength, good resistance to water
penetration, and no observed quality deterioration under natural
moist curing or seawater immersion. Correlations were
developed to predict BC540 compressive strength over time and
from rebound hammer test results, providing a preliminary
approach for assessing concrete quality in Tetrapod units where
a standard evaluation method is unavailable. Nevertheless, the
dissertation covers only t < 400 days. Longer monitoring and
more specialized investigations of long-term durability and
resistance to marine exposure are necessary.

(6) The fabrication and field trial of BC540 concrete

Tetrapods provide preliminary evidence of their application
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potential: the units maintained their positions after one year
under actual marine conditions, including large storm waves.
However, this evaluation remains preliminary and relies on
relatively simple indicators, mainly estimates of BC540 concrete
strength and the positions of the Tetrapods. More detailed
investigations of Tetrapod hydraulic performance and trials at
sites with different wave and natural conditions are needed to
provide a comprehensive basis for future industrial-scale
implementation.

RECOMMENDATIONS FOR FUTURE RESEARCH

The findings and limitations of the dissertation suggest the
following priorities for future research:

1. Further optimize the BC540 mix proportions, improve
workability, reduce segregation, and refine the procedures for
mixing, transporting, placing, compacting, and curing steel-slag-
aggregate concrete for industrial-scale applications.

2. Extend research on the marine durability of BC540
concrete, including chloride ingress, sulfate—-magnesium
resistance, wetting—drying cycles, wave-sand abrasion,
volumetric stability, and changes in the steel-slag-aggregate—
cement interfacial transition zone; also extend the monitoring
period for regression models and Tetrapod field observations.

3. Expand field monitoring of Tetrapods to include hydraulic
stability, displacement, rotation and overturning, settlement,
abrasion, and strength deterioration; combine this with physical
model testing or design calculations based on Hudson and Van
der Meer to strengthen the design basis.
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4. Extend investigations to BOF and EAF slags from other
steelworks and standardize treatment, aging, and quality-control
procedures for their application in heavyweight concrete, marine
structures, and coastal protection units.
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