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NGHIEN CUU SU DUNG TRO BAY CHE TAO BE TONG KHOI LON
CO CUONG PO CAO

RESEARCH ON USE TO FLY ASH TO MAKE HIGH -
STRENGTH MASS CONCRETE

ThS. Poan Anh Thai
Vién Khoa hoc cong nghé xay dung

TOM TAT: Hién nay nhu cau sir dung bé tong khdi 16n cudng do cao trong xdy dung cong trinh dan
dung nhu két cau tru ciu, mong, dai moéng, cot nha cao tdng ngdy cang ting. Bé tong khéi 16n cudng do
cao khong nhitng phai dap tng cac yéu cau vé bé tong khdi 16n (dam bao cc yéu cau vé nhiét do) dong
thoi phai co cuong do cao, thong thudng tir 40-60 MPa. Dé giam nhiét phat sinh trong bé tong, cac bién
phap thuong ap dung nhu: sir dung hdn hgp bé tong co nhiét d6 ban dau thap, 1am ngudi bé tong di rin
chic bang hé thong dng lam mat, sir dung hé thong bao on cich nhiét bé mit bé tong. Bién phap sir dung
tro bay v6i ham lugng 16n dé ché tao bé tong khdi 16n cudng do cao dwoc nghién ctru dp dung chua
nhiéu. Trong khi d6 & nudc ta hang nam thai ra lugng tro bay rat 16n, ¢6 thé dap tng yéu ciu lam phuy gia
khoang cho bé tong. Vi vdy can c6 thém nhitng nghién ctru dé sir dung hiéu qua tro bay véi ham luong
16n trong bé tong khéi 16n cuong do cao sir dung trong xay dung cong trinh dan dung.

TU KHOA: Bé tong khéi 16n, tro bay.

ABSTRACT: Currently, the demand for using high-strength mass concrete in civil construction such as
bridge piers, foundations, foundations, and columns of high-rise buildings is increasing. High-strength
mass concrete not only meet the requirements of mass concrete (ensure temperature requirements) but
also have high strength, usually from 4060 MPa. In order to reduce the heat generated in concrete,
methods are often applied such as: using a low initial temperature concrete mix, cooling the hard
concrete with a cooling pipe system, using an insulation system concrete surface insulation. The method
of using fly ash with a large content to make high-strength mass concrete has not been studied and
applied much. Meanwhile, in our country every year, a huge amount of fly ash is emitted, which can meet
the requirements of being a mineral admixture for concrete. Therefore, more studies are needed to
effectively use fly ash with high content in high-strength bulk concrete used in civil construction.

KEYWORDS: Mass concret, fly ash.
1. MO DAU

Bé tong 1a vat liéu xdy dung chu yéu duoc st dung trong cac cong trinh xay dung, trong d6
bé tong khdi 16n 1a mot trong nhiing loai bé tong dugc kha phd bién. Theo TCXDVN 305:2004,
két cau bé tong hodc bé tong cbt thép duge coi 1a khdi 16n khi co kich thude du dé gy ra tng
suit kéo, phat sinh do hiéu tng nhiét thuy hoa cua xi mang, vuot qua gidi han kéo cua bé tong,
1am nirt bé tong, va do d6 can phai c6 bién phap dé phong ngira vét nit. Trong diéu kién khi hau
néng am Viét Nam két cdu c6 canh nho nhat (a) va chiéu cao (h) 16n hon 2m nhu: try cau, méng,
dai mong, cot nha cao tang c6 thé duoc xem 1a khéi 16n. Loai bé tong nay vira phai dap tng yéu
cau cuong do cao dong thoi phai dam bao yéu cau lién quan dén nhiét thuy hoa cua xi méng.
Trong pham vi nghién ctru, bai bao thuc hién bién phap giam nhiét phat sinh trong bé tong bang
viéc lya chon thanh phan cip phéi bé tong phi hop, sir dung ham lugng tro bay 16n thay thé mot
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phan xi ming. Thong qua cic két qua thi nghiém, bai bao s& 1am rd thém anh hudng cia tro bay
tGi tinh chat nhiét, tinh cong tac va cudng do cua bé tong khdi 16n, dong thoi gbp phan st dung
hiéu qua tro bay trong ché tao bé tong khéi 16n.

2. VAT LIEU VA PHUONG PHAP THi NGHIEM

Trong nghién ctru co sir dung cac loai vat liéu sau: Xi ming But Son PC40 dap tmg yéu ciu
ctia tiéu chuan TCVN 2682:2020 c6 do bén nén R = 32,4 N/mm’, Rys = 52,5 N/mm’. Cét ligu
nho 13 cat vang séng Lo phu hop voi TCVN 7570:2006, c6 khdi lwong riéng 2,66 g/cm’; mé dun
d6 16n 2,8. C6t lidu 16n 1a ¢4 dam Ha Nam phi hop véi TCVN 7570:2006 c6 Dynay20mm, khoi
lwong riéng 2,7 g/em’. Tro bay sir dung trong nghién ciru 13 tro bay tuyén cia Nha méay nhiét
dién Pha Lai loai F, chi s hoat tinh 28 ngay 93.,2%, khéi lugng riéng 2,41 g/cm3. Phu gia hoa
hoc str dung 1a loai phu gia siéu déo cua Basf - MasterEase 3054 phu hop v6i yéu ciu cua
TCVN 8826:2011.

Thanh phan cdp phdi thi nghiém duogc Iya chon trén co s tham khao cac phuong phap thiét
ké cap phdi bé tong cuong d6 cao phd bién va dua vao cic thi nghiém so bd st dung céc vat liéu
ctia dé tai va duoc tap hop tai Bang 1 vai ty 16 ham luong tro bay st dung trong nghién ciru 1a:
30, 40, 50, 60, 65, 70% (theo khéi lugng).

Bang 1. Thanh phan cap phéi sir dung trong nghién ctru

. ak Thanh phan cip phéi, kg/m’
e e |
phot o, CKD mang Tro bay Cat ba Nudc | Phu gia
1 CP1 0,275 0 590 0 817 851 162 59
2 CP2 0,275 30 413 177 796 828 162 59
3 CP3 0,275 40 354 236 789 821 162 59
4 CP4 0,275 50 295 295 782 814 162 59
5 CP5 0,275 60 236 354 775 806 162 5,9
6 CP6 0,275 65 206 384 771 803 162 59
7 CP7 0,275 70 177 413 768 799 162 5,9

Phuong phap nghién ctru bai bao st dung 14 céc tiéu chudn hién hanh cta Viét Nam va nudc
ngoai tuong dwong. Mot s6 phuong phéap phi tiéu chuan bai bao thyc hién nhu:

Mau thi nghiém ban doan nhiét duoc tién hanh thir nghiém dua theo quy trinh trong CRD38-73
trong diéu kién phong thi nghiém. Quy trinh thi nghiém nhu sau: Mau thir dwoc tron theo thanh
phan cip phdi bé tong da tinh toan trudc d6 va tién hanh tron trén may tron cudng birc hai truc
ndm ngang. Cac cip phdi bé tong déu co ty 16 N/CKD thap (N/CKD = 0,275) béi vay tron trén
may tron cudng birc nham dam bao hdn hop bé tong dong déu va dung vé6i thuc té tai cac tram

tron bé tong hién nay. Sau khi tron xong, bat dau thir nghiém tinh cong tac cta hdn hop bé tong,
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do do sut (d xoe) clia hdn hop bé tong. Tiép d6 tién hanh duc mau bé téng trong thung xdp kich
thudc 40x40x30 cm, gan sensor cam bién nhiét d6 vao trong khéi d6 duge boc cach nhiét can
than. Sau d6 tién hanh do nhiét do bang bo ghi dir lidu tu dong KYOWA do Han Qudc san xuit
trong diéu kién dit tai phong thi nghiém nhiét d6 27 + 2°C. Mau do nhiét dugc bt ddu theo ddi
gia tang nhiét do ngay tai thoi diém dau sau khi tron, thoi gian theo ddi 1h/1an. Qua trinh theo
ddi khi nhiét d6 ngimg tang trong 4h lién tiép.

3. KET QUA NGHIEN CUU VA NHAN XET

3.1. Anh huéng ciia ty 1¢ thay thé xi ming bang tro bay dén tinh cong tic ctia hdn hop bé tong

Dé danh gia su anh huong cta ham luong tro bay dén tinh cong tac hdn hop bé tong, bai bao
khao sat tinh cong tac cia hon hop bé tong khi ham luong phu gia khoang thay doi tir 0 ~ 70%
va str dung cting mot mirc phu gia siéu déo 1a 1,0% khéi luong CKD. Két qua khao sat & bang 2:

Bang 2. Anh hudng ctia ham lugng tro bay dén tinh cong tac ctia hdn hop bé tong

S6 e Ty 1¢ tro bay thay thé Tinh cong tac (d0 Do tach nude
TT Cap pho xi mang, % sut/xoe), mm %

1 CP1 0 180 0

2 CP2 30 590 0

3 CP3 40 600 0

4 CP4 50 620 0

5 CP5 60 650 0

6 CP6 65 660 0

7 CP7 70 680 0,3

a) CP1 b) CP3

Hinh 1. Hinh 4nh tinh cong tc ctia hdn hop bé tong
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Hinh 2. Anh hudng ctia ham luong tro bay dén tinh cong tac ctia hdn hop bé tong

Nhan xét:

- Khi ting ham luong tro bay thay thé thi tinh cong tic ctia hdn hop bé tong thay doi theo
huéng ting dan.

- Méu d6i chimg khong str dung tro bay c6 do sut 180 mm, khi ding tro bay thay thé 30% xi
ming, hdn hop bé tong da dat d6 xoe 590 mm va do xoe tiép tuc ting khi ting ty 1& tro bay thay
thé xi mang 1én 40%, 50%, 60%, va 70%. Diéu nay cé thé 1a do cac hat tro bay cé kich thudc
hinh cau nén c6 hiéu tmg 6 bi 1am céc hat ran dé dang di chuyén khi c6 mit cta nudc va phu gia
siéu déo nén lam giam luong can nudc. Mit khac do tro bay c6 khdi luong riéng nhé hon xi
ming nén thé tich hd chat két dinh trong bé tong co tro bay ting 1én, 1am ting tinh cong tic cua
hon hop bé tong. Vi vay khi st dung cting mot ty 18 N/CKD khi ting ham luong tro bay tinh

cong tac ciia hon hop bé tong da 1én ting.

3.2. Nghién ctru anh hwéng ciia ty 1¢ thay thé xi ming bang tro bay dén cuong d9 ciia bé tong

Nghién ctru anh hudéng cua ty 1¢ thay thé xi ming bang tro bay dén cudong do ciia bé tong
duogc thue hién trén cac cap phdi tai bang 1. Két qua thi nghiém anh cua ty 1¢ thay thé xi mang
bang tro bay dén cudng d6 bé tong duoc tong hop tai bang 3.

Bang 3. Két qua cudong do nén cta bé tong tai tudi 3 ngay, 7 ngdy, 28 ngdy

S Cép phéi Ty 1€ t.ro ‘tzay tlzay thé Cudng do nén, N/mm”

TT xi mang, % 3 ngay 7 ngay 28 ngay
1 CP1 0 55,4 62,2 78,7
2 CP2 30 52,7 58,8 77,0
3 CP3 40 51,2 57,5 74,7
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Bang 3. Két qua cuong d6 nén cua bé tong tai tudi 3 ngay, 7 ngdy, 28 ngay (tiép theo)

Sé . , 16 & Cuong d6 nén, N/mm?
Cép phéi Ty I¢ t‘ro lzay tl;ay thé
TT x1 mang, % 3 ngay 7 ngay 28 ngay
4 CP4 50 433 51,8 71,2
5 CP5 60 32,3 45,6 56,4
6 CP6 65 29,0 41,1 52,2
7 CP7 70 24,0 33,2 45,0
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Hinh 3. Anh hudng ctia ham luong tro bay dén cuong do nén bé tong

O tudi som ngay (3 ngay, 7 ngay), khi str dung tro bay bé tong phat trién cudng do cham so
v6i mau ddi ching. Khi ting ty 18 thay thé tro bay trong chat két dinh, cudng do chiu nén cia bé
téng co tro bay so voi bé tong ddi ching c6 xu hudng giam, va mic do giam cuong do ty 16
thuan v6i ham luong tro bay sir dung. Nguyén nhan c6 thé 1a do khi tro bay thay thé cang nhiéu
thi luong xi ming cang it. Trong cung diéu kién nhu nhau, cudng do bé tong phu thudc chu yéu
vao lugng khoang C-S-H tao thanh do sy thuy hoa cua chat két dinh. Trong thoi gian dau cua
qua trinh rin chéc, téc d6 thuy hoa ctia xi mang 16n hon tdc d6 phan tmg Puzolanic nén luong
C-S-H hinh thanh chu yéu 1a do xi mang thuy hoa tao thanh. Vi vy, trong thoi gian dau luong
khoang tao cuong do C-S-H trong bé tong tro bay s& it hon lam cudong d6 ciia nd thap hon cuong
d6 bé tong ddi chung. O tudi 28 ngay, cac cap phdi st dung 30%, 40% va 50% tro bay co cuong
d6 x4p xi mau doi chimg. Pidu nay co thé giai thich 1a do phan tmg Puzolanic bt dau c6 hiéu
qua. Vi ty 1¢ thay thé xi mang bang tro bay 1a 60% va 65% thi cuong do bé tong & tat ca cac
tudi déu thap hon dang ké so v6i mau dbi ching ¢ tudi tuong tng, tuy nhién cuong do van kha
cao, déu trén 50 MPa tai 28 ngay tudi. Khi ting ty 18 thay thé tro bay 1én 70% c6 su suy giam
cuong do rd rét ¢ ca tudi 3, 7, 28 ngay. T4i 28 ngay tudi cudng do chi dat 45 Mpa.
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3.3. Nghién ciru anh hwéng cia ty 1¢ thay thé xi ming bing tro bay dén s gia ting nhiét
ciia bé tong trong diéu kién ban doan nhiét

Biang 4. Két qua sy ting nhiét ctia bé tong trong diéu kién ban doan nhiét

36 , ’ Ty 16, tro bay Nhiét ‘dcf) Nhiét dff) cao | Nhiét do Thoi gian
T Cap phoi thay théoxi mang, ban dau nhat tang dat Trnax
% °C °C °C h
1 CP1 0 26,5 88,7 62,2 21
2 CP2 30 26,5 78,4 51,9 32
3 CP3 40 26,5 75,9 49,4 39
4 CP4 50 26,5 71,7 452 46
5 CP5 60 26,5 66,8 40,3 51
6 CP6 65 26,5 64,0 37,5 55
7 CP7 70 26,5 60,9 344 56

A
= ikl |

Hinh 4. Hinh 4nh dtc mau thi nghiém do nhiét trong phong thi nghiém
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Nhiét d6 16n nhat Ty cta cac cAp phdi giam dan khi ting ham luong st dung tro bay
tir 0+70%. Trong diéu kién phong thi nghiém vé&i nhiét d6 ciia hdn hop bé tong dugc duy tri
khong doi trong sudt qua trinh ran chic 1a khoang 26,5°C, miu ddi chimg st dung 100% xi ming
¢6 nhiét 30 Tpax 16n nhat v&i Tiax = 88,7 °C sau 21 gio. Mau sir dung 30% tro bay c6 nhiét do
Tumax = 78,4 °C sau 32 gio. Mau st dung 40% tro bay c6 nhiét do Tma = 75,9 °C sau 39 gid. Mau
st dung 50% tro bay c6 nhiét d6 Tuax = 71,7 °C sau 46 gid. Mau str dung 60% tro bay c6 nhiét
dd Tmax = 66,8 °C sau 51 gio. Mau sir dung 65% tro bay c6 nhi¢t d§ T.x = 64,0 °C sau 55 gio.
Mau sir dung 70% tro bay ¢ nhiét do Tmex = 60,9 °C sau 56 gio. Nhiét do bé tong giam xudng
dang ké tir 88,7 °C khi st dung 100% xi ming xudng con 60,9 °C khi thay thé 70% xi mang
bang tro bay. Cac két qua nghién ciru trén ciing cho thay rang, nhiét do 16n nhat trong khdi bé
tong ting cham lai khi ham luong xi ming dugc thay thé bang tro bay tang 1én, cy thé 1a khi sir
dung 100% xi mang thi Tpax cua bé tong dat dugc sau 21 gio, trong khi dd Tpax trong tm cua bé
tong dat dugc sau 56 gio khi st dung 70% tro bay thay thé xi mang. Chénh léch nhiét do 16n
nhat AT so v6i nhiét d6 ban dau ctia cic mau thi nghiém & céc ty 1€ tro bay thay thé cho xi ming:
0, 30, 40, 50,60, 65 va 70 % lan luot 1a: 62,2 °C; 51,9 °C; 49,4°C; 45,2 °C; 40,3 °C; 37,5 °C
va 34,4 °C. Nhu vy gia tri AT d3 giam dang ké khi ting luong dung tro bay thay thé. Co duoc
cac két qua trén c6 thé 1a do giam duogc lugng ding xi ming nén nhiét toa ra trong qué trinh
hydrat hoa cta xi ming giam, khi sir dung tro bay thay thé mot phan khéi luong xi ming phan
g puzolanic xay ra cham, nhiét d trong bé tong ting tir tir trong mot thoi gian dai. Piéu nay s&
han ché g suét nhiét trong khdi bé tong. Két hop nghién ctru vé cuong do va dic tinh nhiét cia
cac cap phdi co thé rit ra nhan xét: Cap phdi CP5 va CP6 vai luong xi mang lan luot 1a 236 va
206 kg s& dat dugc dugc yéu cau ca vé cuong do > 50 MPa, nhiét d6 < 70 °C. Cap phdi CP7 véi
lwong xi ming 177 kg c6 cudng thap hon dang ké so voi CP6, chi dat 45 MPa va ¢ hién tuong

tach nudc trén bé mat.

4. KET LUAN VA KIEN NGHI

Qua cac nghién curu da thuc hién, bai bao rit ra mot s6 két luan nhu sau:

1. Véi cing mot ty 16 N/CKD, luong dung chét két dinh, luong dung phu gia siéu déo, va ty
1é C/(C+D) nhu nhau khi str dung tro bay thay thé xi ming v6i ham luong tir 0-70% s&
lam ting tinh cong tac ctia hdn hop bé tong tir d6 sut 180 mm 1én do xoe 680 mm.

2. Tai tudi 3 ngay, 7 ngdy va 28 ngay khi thay thé xi mang bang tro bay véi ham lugng tir
30+70% cudng do bé tong giam ty 1& thuan so véi mau dbi chimg. Muc do giam cuong
do dat téi 42,8% & ham lugng tro bay 70%. Tuy nhién, véi ham lugng tro bay 65% cuong
d6 van dat 52,2 MPa ¢ tudi 28 ngay.

3. Khi tro bay thay thé xi mang voi ham luong 30+70% lam giam nhiét thity hoa trong bé
tong tir 10,3+27,8°C so véi mau ddi ching dong thoi kéo dai thoi gian dat nhiét do ti da
trong bé tong tur 21 gio 1én 32+55 gio.

4. Voi cac vat liéu st dung trong nghién cuu, dé ché tao bé tong khdi 16n cuong dd cao cod
d6 xoe khoang 600 mm, cuong do nén & tudi 28 ngay > 50MPa, nhiét do < 70°C c6 thé
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ap dung trong xdy dung cong trinh dan dung thi c¢6 thé sir dung ham luong tro bay thay
thé xi mang tir 60+65%.
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NGHIEN CUU CHE TAO BE TONG TOA NHIET THAP
CHO KET CAU DAM CHUYEN

RESEARCH ON PRODUCTION OF LOW TEMPERATURE
CONCRETE FOR TRANSFER BEAM STRUCTURE

KS. P6 Ngoc Khoa
Vién Khoa hoc Cong nghé Xay dung, Email: ngockhoa2410@gmail.com

TOM TAT: Dam chuyén bé tong cbt thép 1a loai ddm cé do cing cao va tiét dién hinh hoc twong dbi 1o,
¢0 tac dung thay doi trang thai lam viéc cua hé¢ két cu tir hé dam cot chiu luc sang h¢ dam vach chiju luc
hodc hé dam cot nhung voi sb lwong cot phia trén dam nhiéu hon sd lwong cot phia dudi dam. Bai bao
trinh bay két qua nghién ctru ché tao thanh phan bé tong trén co so cdt liéu (cat, d4), xi ming, tro bay, xi
16 cao va phu gia siéu déo vdi ty 18 hop 1y tao ra thanh phan bé tong dam bao tinh cong tac va toa nhiét
tha‘ip. Trong d6, xi mang dugc chon tir loai ¢cé nhiét thiy hoa thép, hdn hop chét két dinh xi mang, xi 10
cao, tro bay va phu gia siéu déo phbi hop theo ty 16 hop 1y dam béo tinh cong tac va dé thi cong. Két qua
nghién ctru da tao ra cip phdi bé tong d& thi cong va nhiét thap, bé tong dim chuyén sau thi cong dam bao
yéu cau thiét ké.

TU KHOA: Dam chuyén, bé tong nhiét thap.

ABSTRACTS: Reinforced concrete transfer beam in a type of beam with high rigidity and relatively
large geometrical cross-section, which has effect of changing the working state of the structural system
from the bearing column beam system to the load-bearing wall beam or beam system but with more
columns above than the number of colums below the beam. This paper presents the result of research on
manuafacturing concrete components on the basic of aggregates (sand, stone), cement, fly ash, blast-
furnace slag and admixture with reasonable proportions to concrete composition ensure work ability and
low heat. In particular, cement is selected from low heat of hydration, a mix of cement blinder, fly ash,
blast-furnace slag and admixture with reasonable proportions to concrete composition ensure work
ability and easy of contruction. The result have created a concrete mix that is easy to contruction and
low heat, transfer beam concrete after construction to ensure design requirement. High-strength concrete

KEYWORDS: Transfer beams, low heat concrete.

1. MO PAU

Trong nhirg nim gan day, xu thé phat trién trong thiét ké kién trac cua cac nha cao tang la
tao ra cic cong trinh c6 cong ning sir dung da dang. Cac ting dudi ciia toa nha thuong duoc thiét
ké dé 1am khu dich vu nhu trung tim mua sam, nha hang, khu vui choi giai tri... Trong khi d6 cac
tang trén thuong dugc thiét ké véi muyc dich s dung 1am van phong hodc khu &, chi can khong
gian vira hodc nho. Chinh viéc phan chia khong gian khac nhau & cac tang trén va dudi tdoa nha
doi hoi xuét hién mot khu vuc chuyén tiép nam & nhitng ting trung gian.

Khi cong trinh nha cao tang ¢ su thay d6i 1on vé hé ludi cot vach giira cac ting trén va dudi
cta tang chuyén, ngudi ta s& st dung dam chuyén. Dam chuyén c6 thé bang dam bé tong cot
thép (BTCT) hodc dam BTCT ung luc trudce, thuong co kich thude va trong lugng lon. Vé mat
két cau thi khu vuc tang chuyén 1a ving gian doan dbi véi két ciu dimg, 13 noi tap trung khoi
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lugng va do cing, vi vay tinh toan va cAu tao cho khu vuc nay phuc tap hon nhiéu. Mic du vay,
vi loi ich vé cong ning sir dung va thAm my cong trinh nén dam chuyén van dugc sir dung ngay
cang nhiéu & trén thé giéi va Viét Nam.

Bé tong st dung cho dim chuyén 1a bé tong c6 cudng do cao, khoang 50-60MPa, két cdu
dam chuyén 13 két ciu bé tong khdi 10n nén viéc dd bé tong trong qua trinh thi cong két cdu dam
chuyén sinh ra mot lugng nhiét vo ciing 16n boi qué trinh thity hoa. Dé han ché luong nhiét sinh
ra, co thé lya chon loai xi mang it toa nhiét, sir dung cac loai phu gia khoang thay thé cho xi
ming hodc co thé giam luong xi mang trong bé tong bang viée str dung mot s phu gia siéu déo.

Dé thyc hién nghién ciru bé tong toa nhiét thap cho két cAu dam chuyén & dy 4n “Toa nha
hon hop thuong mai dich vu va can hd chung cu Alacarte Ha Long”, Vién Chuyén nganh Bé
tong da nghién ctru ché tao cap phdi bé tong C45 (M600) do xoe 600+100mm téa nhiét thap.
Béng viéc su dung céac cbt licu (cat, da), xi mang, tro bay, xi 10 cao va phu gia siéu déo vdi ty 1€
hop 1y tao ra thanh phan bé tong dam bao tinh cong tic va téa nhiét thap.

2. VAT LIEU VA PHUONG PHAP
2.1. Vit liéu sir dung ché tao bé tong

Xi ming st dung dé nghién ctru gdbm 3 loai. Két qua thi nghiém tinh chat co 1y cua xi ming
dugc tong hop & bang 1.

Bang 1. Két qua thi nghiém céc tinh chét co 1y cta xi mang

Két qua
STT Chi tiéu thi nghiém | Pon vi Phuong phép thu
PC50(1) | PCB40 | PC50(2)
1 Khdi lwong riéng g/em’ 3,09 3,04 3,12 TCVN 4030:2003
2 Bé& mit riéng cm’/g 3.780 4.030 3.600 | TCVN 4030:2003
3 D6 déo tiéu chuan % 29,5 30,0 28,5 TCVN 6017:2015
Thoi gian dong két:
4 - Bit dau Phuat 160 110 145 TCVN 6017:2015
- Két thiic 210 165 210
D6 bén udn:
5 - 03 ngay N/mm? 7,3 7,6 7,5
TCVN 6016:2011
- 28 ngay 10,7 9.4 9.4
Do bén nén:
6 - 03 ngay N/mm? 34,9 35,5 33,5
TCVN 6016:2011
- 28 ngay 60,3 52,2 54,2

C6t lidu nho duoc sir dung trong nghién ctru 13 cat vang dap tng theo yéu cau ky thuat cot
lidu dung cho bé tong va vira TCVN 7570:2006.

Nghién ctru sir dung c6t liéu 16n 1a da dim Dmax = 20mm dép tng theo yéu cau ki thuat ¢t
lidu dung cho bé tong va vira TCVN 7570:2006.
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Cong nghé ché tao bé tong cuong do cao hién nay c6 sir dung hiéu quéa ciia phu gia khoang
hoat tinh dé cai thién cac tinh chat bé tong, tang kha niang thuy hoa cic khoang ciia xi mang va
tao ra bé tong c6 chét luong cao hon. Két qua thi nghiém cua tro bay duoc tong hop & bang 2.

Bang 2. Két qua thi nghiém céc tinh chat co 1y cua tro bay

STT Chi tiéu thi nghiém Ponvi | Kétqua Phuong phap thu
1 |Khéi lugng riéng g/em’ 2,21 TCVN 4030:2003
Chi sb hoat tinh
2 07 ngay % 79,6 TCVN 10302:2014
28 ngay 95,8

- Xi 10 cao sir dung dé nghién ctru 13 xi 10 cao nghién min dat yéu cau ky thuat cta xi 16 cao
nghién min muc S95 theo yéu cau ky thuat cia TCVN 11586:2016. Két qua thi nghiém ctia xi 10

cao duoc tong hop ¢ bang 3.
Bang 3. Két qua thi nghiém cac tinh chat co 1y cia xi 10 cao
STT Chi tiéu thi nghiém Ponvi | Kétqua Phuong phap thu
1 |Khéi luong riéng g/cm’ 2,91 TCVN 4030:2003
Chi s6 hoat tinh
2 07 ngay % 81,7 TCVN 11586:2016
28 ngay 106,2

2.2. Phwong phap nghién ciru

Qua trinh xi mang thuy héa sé gidi phong nhiét va lam tang nhiét do bé tong, xi mang téa
nhiét thap sé giai phong luong nhiét thap trong qua trinh thily héa. Dé chon loai xi ming nhiét
thap sir dung trong thiét ké cap phdi bé tong, phong thi nghiém sir dung phuong phap thi nghiém
xac dinh nhi¢t dJ gia tang cua bé tong trong diéu kién doan nhiét. Xi mang c6 nhi¢t do gia tang
thép s€ dugc uu tién su dung dé ché tao bé tong nhiét thép. Cung voi do, viéc st dung thém céc
phu gia khoang nhu xi 10 cao, tro bay véi ty 1 hop 1y nhdm lam giam luong xi ming trong cip
phéi s& gitip bé tong vira dam bao cudng do, vira dam bao téa nhiét thap.

3. KET QUA NGHIEN CUU THANH PHAN CAP PHOI TOI UU CHO DAM CHUYEN
3.1. Nghién ctru anh hwéng ciia xi ming dén sy gia ting nhiét d ciia bé tong

Cép phdi bé tong sir dung nghién ctru xac dinh nhiét d¢ gia ting trong diéu kién doan nhiét

tai bang 4.

Bang 4. Thanh phan cap phdi bé tong st dung thi nghiém chon loai xi ming

. Thanh phan vt lidu, kg
SOTT
Xi mang Cat ba dam Nudce PG siéu déo
1 404 835 1012 177 4.4
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Két qua nghién ctru nhiét d6 gia ting ctia bé tong trong diéu kién doan nhiét duoc tap hop tai

bang 5.
Bang 5. Bang tong hop céac thong s6 nhiét nghién ctru doan nhiét
) Gi4 tri thong s v6i bé tong st dung xi mang
SO TT Chi tiéu bon vi

PC50(1) PCB40 PC50(2)

1 |Nhiét do bé tong ban dau °C 234 26,4 26,5

2 |Nhiét do bé tong gia tang °C 59,3 50,2 46,5

3 |Nhiét do bé tong Tmax °C 82,7 76,6 73,0

4 | Thoi gian dat Tmax gio 71 40 52

Trong diéu kién doan nhiét, bé tong sir dung xi ming PC50(1) dat nhiét do gia ting
cao nhat (59,3 °C), xi mang PCB40 thr 2 (50,2 °C), xi mang PC50(2) nhiét d6 gia ting thip
nhét (46,5 °C);

Xi mang PC50(2) duoc Iwa chon dé thiét ké ché tao bé tong toa nhiét thap.

3.2. Nghién ctru dnh hwéng cia phu gia tro bay va xi 1o cao nghién min dén mot sé tinh
chat ctia hon hgp bé tong

Lua chon ty 1& thay thé xi mang bang xi 16 cao nghién min va tro bay can dam bao cac tinh
chét ctia hdn hop bé tong va bé tong:

Hon hop bé tong dé tron, dé thi cong;

Khong giy tich nude hon hgp bé tong;

Cudng do bé tong tudi sém 3 ngdy (>50% mac thiét ké);

Nhiét toa ra trong qua trinh thity hoa thap.

Cin cr yéu cau thiét ké bé tong mac M600, d6 chay xde (600+100) mm, phong thi nghiém
chon luong chit két dinh dé thi nghiém xé4c dinh tinh chit ctia hdn hop bé téng 550kg. Thanh

phan vat liéu sir dung nghién ctru tai bang 6.

Bang 6. Thanh phéan vat liéu sir dung nghién ctru lya chon ty 1& ding PGK

Thanh phan vét liéu str dung nghién ctru

STT Chét két dinh, Cit, P4 dam, , o
Nudce Phu gia si€u déo, lit
kg kg kg
1 550 778 949 - 4,95

) Puoc diéu chinh dam bao dat do chay xoe hdn hop bé tong trong qua trinh thi nghiém.
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Qué trinh nghién ctru thir nghiém tim ty 18 thay thé t6i wu ciia xi 10 cao nghién min va tro bay
trong xi mang dugc tap hop tai bang 7.

Bang 7. Thi nghiém ty 1¢ thay thé phu gia khoang trong xi mang

S6 | Tylésuwdung | D6 chiay | Tinh chit hdn hop bé tong Cuong do chiu nén, MPa
TT | XM :Xi: TB x0e, mm khi tron thir 3 ngay 7 ngay
1 50:0:50 540 Bé tong dé tron 36,2 51,4
2 60:0:40 570 Bé tong dé tron 41,2 57,3
3 70:0:30 550 Bé tong dé tron 44,1 62,3

4 50:50:0 610 Bé tong kho tron, quanh va -- --
tach nudc

5 60 :40: 0 575 Bé tong kho tron, quanh va -- --
tach nudc

6 70:30:0 620 B¢ tong kho tron, quanh tach -- --
nudc it

7 75:25:0 600 Bé tong kho tron, quanh 48,2 64,2

8 80:20:0 590 Bé tong kho tron, quanh 51,2 67,8

9 50:20:30 620 Bé tong tron dugc (kha nang 43,1 60,2
khi dao mau)

10 | 50:15:35 610 Bé tong dé tron, dé ddo mau 40,8 59,2

Cht thich: XM: Xi méng; Xi: Xi 10 cao nghién min; TB: Tro bay.

Khi str dung phu gia khoang tro bay thay thé xi ming PC50(2), ty 1¢ thay thé tro bay trong xi
ming cang cao thi tinh chét ciia hon hop bé tong cang d& tron va 1dy mau, cudng do nén bé tong
phat trién cham & tudi 3, 7 ngay. Pé dam bao cudng do bé tong va tinh cong tac, ty 1¢ tro bay
khong nén vugt qua 40%.

Khi str dung phu gia khoang xi 16 cao nghién min (S95) thay thé xi mang PC50(2), ty 1& thay
thé xi 16 cao nghién min trong xi ming cang cao thi tinh chat ctia hdn hop bé tong cang kho tron,
kho 1dy miu (bé tong ning) va tach nudc nhidu, cudong do nén cia bé tong it bi suy giam khi sir
dung cung ty 1¢ thay thé cua tro bay tai tudi 3, 7 ngay. Ty 18 thay thé cua xi 10 cao nghién min
trong xi mang khong nén vugt qua 25%.

Véi cac cap phdi di trong thir & trén, lwong dung xi ming trong cap phdi bé tong di giam t6i
da duoc 50%. Voi cap phdi s6 (9) va s (10) vira dam bao luong xi ming dung it, vira dam bao
cuong do cho két cau. Tuy nhién nhin lai & 2 cap phdi nay, luong ding xi & cip phdi s (10) it
hon nén s& dam bao tinh kinh té trong qua trinh thi céng hon. Do vay, phéi hop xi 10 cao nghién
min va tro bay thay thé xi mang PC50(2) véi ty 1¢ dung Xi mang : Xi : Tro bay = 50 : 15 : 35
dam bao tinh chat hdn hop bé tong M600, d6 chay (600 + 100) mm.
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3.3. Nghién ctru anh hwéng ciia phwong 4n chit két dinh lwa chon téi dd sut va cwong do
bé tong

Trinh tu tinh toan thiét ké thanh phan bé tong C45 (M600) d6 chay (600 + 100) mm duoc
thuc hién dya theo huéng din quy dinh trong Chi dan k¥ thuat chon thanh phan bé tong cac loai
s6 778/1998/QD-BXD. Cac thanh phan dinh huéng dwoc tinh toan va duoc tap hop tai bang 8.

Bang 8. Bang thanh phan cp phdi bé tong dinh hudéng

Thanh phén vat liéu
So Xi mang Xi Tro bay Cat ba dam Nude PG siéu déo
T (ke) (kg) (kg) (kg) (kg) (lit) (kg)
1 274 83 193 758 945 170 4,95
2 236 71 165 851 951 163 4,25
3 315 95 221 951 941 177 5,68

Két qua thi nghiém céc tinh chat cua thanh phan bé tong dinh huéng duoc tap hop tai

bang 9.
Bang 9. Két qua thi nghiém thanh phan bé tong dinh huéng
36 Tong chat TV 16 Khéi luong | D6 chay Cuong d6 chiu nén (MPa)
két dinh v S thé tich xde 3 . )8

TT N/CKD 3
(kg) kg/m (mm) ngay ngay ngay
1 558 0,292 2.450 605 42,1 59,4 67,2
2 473 0,339 2.440 595 36,2 50,7 58,6
3 649 0,254 2.460 610 50,8 66,1 75,4

Biéu dd sy phu thudc do xde ctia hdn hop bé téng vao luong nude sit dung cho 1m’ tai hinh 1.
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Hinh 1. Quan h¢ d6 xoe va lugng nudce st dung
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Biéu d6 quan hé giira ty 16 N/CKD va cuong d6 nén 3 ngay, 7 ngay tai hinh 2.

Cwingdd nén, MPa

A
0

70

65 vy =15.678x+4.9062

R? = 0.99203

oyl
o

9
)

o
o

v =14.929x-8.2213
R? =0.9925

2.8 3 3.2 3.4 3.6 38 4
TV 18 CKD/N

Hinh 2. Quan h¢ ty 18 CKD/N va cudng d6 nén ciia bé tong tai tudi 3 va 7 ngay

3.4. Két qua thanh phan cap phdi

Thanh phan cap phdi sau khi tinh toan tai bang 10.

Bang 10. Thanh phan cap phdi bé tong C45 (M600), dd xoe (600 +100) mm

Thanh phén vt liéu cho 1m? bé tong P Cuong d6 nén
X chay xoe
mérllg Xi |Tro bay| Cat |Daddm| Nudc |Phu gia 3 ngay | 7ngay | 28 ngay
kg kg kg kg| kg kg lit mm MPa MPa MPa
279 84 196 | 780 946 158 5,03 605 42,9 58,6 66,8

Thanh phan cip phdi bé tong C45 (M600), d6 xde (600 £100) mm tai bang 10 duoc kiém tra

qua mo

Nhiét 49, °C

hinh doan nhiét, biéu dd gia tang nhiét d6 duoc thé hién tai hinh 3.
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Hinh 3. Biéu d6 gia ting nhiét do ctia bé tong M600 trong diéu kién doan nhiét
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Khi nhiét d6 hdn hop bé tong ban dau 25,3 °C, nhiét do bé tong ti da dat 69,8 °C.

Cép phdi da duoc sir dung va thi cong tai cong truong Alacarte Ha Long.

4. KET LUAN

- Xi miang 1a thanh phan quyét dinh va anh huong 16n nhat dén phat sinh nhiét trong bé
tong. Trong ba loai xi mang sir dung nghién ctru, xi ming PC50(2) c6 luong nhiét téa ra thap
nhit va pht hop v6i muyc tiéu nghién ciru sir dung trong cip phdi bé tong téa nhiét thip cua
dé tai.

- D6i v6i mot loai xi ming nhéat dinh hodc chit két dinh, nhiét d6 tdi da ctia bé tong trong
khéi d6 phu thudc vao nhiét d6 hdn hop bé tong ban dau.

- Xi 10 cao it lam gidm cuong do bé tong tudi sém.

18



Hi nghi Khoa hoc Cén bg tré lan thir XVI

- Trén co so thi nghiém, da lya chon duogc ty 1¢ tbi wu Xi mang : Xi: Tro bay =50 : 15 : 35 cho
cap phdi bé tong nhiét thap thiét ké dam bao dat cuong do nén theo thiét ké va gia tang nhiét thap.
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NGHIEN CUU SU DUNG CAT NGHIEN CHE TAO BE TONG
CUONG PQ CHIU NEN PAT 120 MPA

RESEARCH ON USE MANUFACTURED SAND TO MAKE
CONCRETE WITH A COMPRESSI STRENGTH OF 120 MPA

KS. Tran Qubc Hoan
Vién Khoa hoc cong nghé xay dung, Email: Hoan.ibst2016@gmail.com

TOM TAT: Bé tong cuong do cao thudng sir dung vat liéu c6 yéu cau vé chét lugng cao, cong nghé thi
cong phirc tap, chi phi san xudt cao,... Tuy nhién, trong thoi gian gan day, viéc khan hiém cét tu nhién
dang 1 van dé dwugc nha nude ciing nhu nganh xay dung quan tdm. Viéc thay thé ngudn nguyén liéu tu
nhién béng cac vat liéu nhan tao nhu cat nghién dang duoc nha nudc quan tam hd tro, khuyén khich trién
khai vao thuc té cong trinh. Két qua nghién ctru trong bai bao 14 c6 thé sir dung cat nghién ché tao bé tong
cuong d6 cao. Sir dung 100% cat nghién két hop vdi silicafume va tro bay ché tao dugc bé tong co cudong
do dat 120MPa, d6 chay loang 600 mm.

TU KHOA: Bé tong cudng do cao, cat nghién.

ABSTRACTS: High-Strength Concrete often uses materials with high quality requirements, complicated
construction technology, high production costs,... However, in recent times, the scarcity of natural sand is
a matter of concern to the state as well as the construction industry. The replacement of natural materials
with artificial materials such as manufactured sand is being supported and encouraged by the state to be
implemented in practice. The research results in the article are that it is possible to use manufactured
sand to make high-strength concrete. Using 100% manufactured sand with silicafume and fly ash to make
concrete with a strength of 120MPa, a flow of 600mm.

KEYWORDS: High - Strength Concrete, manufactured sand.

1. PAT VAN PE

Trén thé gi6i hién nay, viéc nghién ctru va ung dung bé téng cudng do cao, chat lugng cao
da duoc thuc hién bat dau tir nhitng ndm 1970 cho dén nay. Cac cong trinh thuc té str dung bé
tong cuong do cao di va dang dem lai mot ngudn nguyén liéu chét luong cho cac cong trinh xay
dung hién dai. Viéc st dung bé tong cuong do cao giup tdng cong nang va kha nang lam vi¢c
cho cac cong trinh, ting kha ning thiét ké vé kién tric va ung dung. Nghién ctru ché tao bé tong
cuong do cao trén thé gidi dén nay c6 thé ché tao duoc bé tong co cudng do dat trén 200 MPa.
Viéc str dung cat nhan tao dé thay thé ngudn cat song truyén thong ciing da dugc thuc hién &
nhiéu nudc trén thé gidi. Mot sé nghién ctru ing dung cat nghién co thé ché tao bé tong cudng
do6 dat trén 120MPa. Tuy nhién, viéc st dung ngudn cat nay vao ung dung bé tong cudng do cao
con dang duoc nghién ciru tai nhiéu qudc gia.

O nudc ta, cac nghién ciru, tng dung bé tong cuong do cao (BTCDC) da va dang duogc trién
khai manh mé dé umg dung vao thuc té. Viéc ché tao BTCPC cung véi nguyén vat liéu trong
nuée da duge nghién ctru thanh cong va dang timg bude tng dung vao cac cong trinh thyuc té.
Budc dau hién nay di c6 nhimg cong trinh quy mé nho nhu cdu dan sinh & hé thong dong bang
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song Ctru Long dang dugc ché tao va sir dung voi thanh mong tir BTCPC thir nghiém va tng
dung trong thuc té. Bén canh dé, trong nhitng nim gin day di c6 mot sé cong trinh c6 quy md
nhu: cai tao ké H6 Guom, stra chita mit cau Thing Long hoan thanh va st dung dau nam 2021
stt dung BTCDC. Pic biét, cong trinh cai tao mit ciu Thang Long 13 cong trinh trong diém dugc
dau tu str dung BTCHC véi nguyén liéu 13 ngudn cat quic co kich thudce hat 16n 1a 600 um véi
yéu cau chét luong cao, chi phi thi cong 16n. Bén canh do6, hién chua c6 tai liéu tiéu chuin hudng
dan vé ché tao va ung dung loai bé tong ndy voi ngudn nguyén lidu thuc té & trong nude. Viée
nghién ctru dé phd bién va tmg dung BTCDC can tiép tuc dé giam tai nhirng nhugc diém khi sir
dung nhu: gia thanh cao, vat liéu yéu cau chat luong tot, quy trinh tron va tmg dung chwa c6 tai
liéu, quy chuén, tinh hinh thuc té sau khi st dung BTCDC chua c6 danh gié lau dai,....

Hinh 1. D6 bé tong stra chita Cau Thing Long (Internet)

BTCHC duoc nghién ctru va tng dung budc dau ¢ nude ta dang st dung vat liéu co yéu cu
k¥ thuat cao, dic biét 1a cat quic co kich thudc hat 16n nhat nho, 13 loai cat ty nhién va duoc
tuyén chon k¥ cang dé sir dung. Piéu nay gép phan 1am ting chi phi cho BTCPC. Pong thoi, ¢
Viét Nam chua c6 cong trinh nghién ctru viée sir dung cat nhan tao (cat nghién) trong BTCDC dé
thay thé cat tu nhién (cat quic) dang dan bi khan hiém. Ngudn vt liéu ché tao bé tong nay can
phai duoc nghién ctru va tim kiém cac vat liéu thay thé nhu cat nhan tao,... d& dam bao sy phat
trién cia BTCDC hién nay va sau nay.

Bén canh d6, vat liéu cat hay c6t liéu nho déng vai tro quan trong trong ché tao bé tong
cudng do cao. Cac tinh chit ctia cat anh hudng 16n dén chat lugng cta bé tong.

- Str dung cat nghién c6 bé mit goc canh, khong tron nhén, ¢6 thé lam giam dd sut so vdi bé
tong sir dung cat tw nhién. Vi vdy, dé st dung cat nghién thi luong nuéc st dung trong bé tong
c6 xu huong ting.

- Cudng d6 cua bé tong trong bé tong cudng do cao duoc quyét dinh chu yéu tir cudng do da
xi ming. Viéc sir dung cat nghién trong bé tong lam thay doi ciu da xi ming trong bé tong, 1am
tang dién tich tiép xtc gitra d4 xi mang va bé mat cot liéu. Néu sir dung cic bién phap ting
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cuong chat lugng ving chuyén tiép nay thi cudng do va chat lugng cta bé tong ting cao. Viéc sir
dung két hop phu gia khoang va phu gia siéu déo trong bé tong sir dung cat nghién co thé giup
tang cuong chit luong bé tong.

Danh gia:

St dung cat nghién ¢ Viét Nam c6 thé ché tao bé tong cuong do dat 120 MPa khi két hop
v6i phu gia siéu déo giam nudc cao, to hop phu gia khoang silicafume va tro bay.

Nghién ciru bé tong cuong do cao, chit luong cao voi cac ngudn nguyén lidu s dung cat
nghién can phai thuc hién nhiéu va tiép tuc phat trién dé phu hop véi diéu kién va tinh hinh

chung ctia nganh Vit liéu Xay dung va céc cong trinh xay dung trong tuong lai.

2. VAT LIEU VA PHUONG PHAP
2.1. Vit liéu sir dung ché tao bé tong

Nghién ctru Iyra chon cic ngudn vat liéu hién c6 ¢ Viét Nam, ngudn vt liéu san xuat trong
nuée (xi mang PC40, cat nghién, tro bay, nudc) dap tng yéu cau TCVN va két hop voi cac san

pham ctia cac cong ty nude ngoai (Silica fume, PGSD).

2.1.1. Xi mdang

Nghién ciru sir dung xi mang Nghi Son PC 40 v6i cac tinh chét co 1y dat yéu cau theo
TCVN 2682:2009. Két quéa céc tinh chét ciia xi miang nhu sau: Khéi luong riéng 3,15 g/em’, d6
min qua sang 0,09mm 13 0,6%; d6 déo tiéu chuan 28,5%; thoi gian bat dau dong két 130 phut va
két thiic dong két 1a 210 phut; cudng d6 chiu nén tudi 3 ngay dat 24,5 MPa, cudng do chiu nén
tudi 28 ngay dat 43,3 MPa.

2.1.2. Cét ligu
Nghién ctru sir dung cat nghién Hoa Binh thoa man TCVN 9205:2012. Ngudn nguyén liéu
cat nghién dugc 1y tai cac nha may ché tao bé tong thuong pham. Cac tinh chét cua cat nghién

duoc thé hién trong Bang 1 va 2

Bang 1. Tinh chit co 1y ctia cat nghién sir dung trong nghién ctru

Chi ti€u thi nghiém Don vi Két qua Phuong phap thur
Khéi luong riéng g/cm’ 2,70 TCVN 7572-4:2006
Khéi luong thé tich xp Kg/m® 1.590 TCVN 7572-6:2006
Mo dun 306 16n - 3,11 TCVN 9205:2012
Ham luong 16n hon Smm % 0 TCVN 9205:2012
Ham lugng hat nhé hon 0,075mm % 3,6 TCVN 9205:2012
Ham luong tap chét hitu co - Sang hon mau chuan | TCVN 7572-9:2006
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L3 sang Luong sot trén tung sang Luogng sét tich Iy YCKT
mm Khéi luong, g Phan tram, % Yo Yo
5 0 0,0 -- --
2,5 116 11,6 11,6 0-25
1,25 376 37,6 492 15-50
0,63 204 20,4 69,6 35-70
0,315 184 18,4 88,0 65-90
0,14 45 4,5 92,5 80-95
<0,14 75 7,5 -- --

2.1.3. Phu gia khodng
- Nghién ctru sir dung silicafume (SF) dang ro1 ctia hang Elkem.

- Str dung tro bay (FA) Pha Lai vdi cac tinh chat co Iy phtt hgp TCVN 10302:2014.

2.1.4. Phu gia hoa hoc

Hién nay c6 nhiéu loai phu gia hoa hoc c6 cdc tinh ning lam thay d6i tinh chit ctia hn hop
bé tong va bé tong. Phu gia hoa hoc phd bién hién nay 1a phu gia siéu déo (giam nudc, ting
cuong do, tinh chat cia hdn hop bé tong va bé tong. Lua chon phu gia Master Glenium
ACE 8588 ciia hing Basf gdc polycacboxylic ether (PCE) cai tién, mirc d6 giam nudc ciia phu
gia 1a trén 40% théa man tiéu chuan TCVN 8826:2011. Mot s6 tinh chét ctia phy gia: Mau nau
dam; khoi luong riéng: 1,08 g/cm3; do pH: 6,3.

2.2. PHUONG PHAP NGHIEN CUU, THi NGHIEM

2.2.1. Phwong phdp tiéu chuin

Nghién ctru d4 str dung phuong phap tiéu chuan Viét Nam va nudc ngoai dé thi nghiém, xac
dinh cac tinh chat co 1y cua nguyén vt lidu sir dung, cac tinh chat cia HHBT va bé tong. Tuy
nhién, mot s6 chi tiéu cta hdn hop bé tong va bé tong dugc thyuc hién dua trén co so tiéu chuin
khéc véi hién nay.

- Tinh cong tac cta hdn hop BTCDC duge xac dinh qua do chay xoe ctia hdn hop bé tong.
Trong nghién ctru lya chon phwong phap st dung con thir d6 xde cua vita theo tiéu chuén
BS 4551-1:1998 d tinh toan thanh phan cip phdi tdi wu. Sau khi ¢ cap phdi t6i wu, kiém tra d6
chay xo0e ctia hdn hop BT tdi uwu bang phuong phap thi nghiém st dung coén xac dinh d6 sut cia
bé tong dua trén co sé TCVN 12209:2018.

- Cuong do nén trong nghién ctru dugc lya chon phuong phép dua trén co so theo
TCVN 3121:2003 véi mau c6 kich thude 40 x 40 x 160 (mm), voi dién tich chiu nén cia mau la
40 x 40 (mm).
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2.2.2. Phwong phdp phi tiéu chuin

St dung phwong phap quy hoach thuc nghiém va phan mém toan hoc Maple dé tinh toan
dua ra cp phdi tbi wu ciia BTCDC.

3. TINH TOAN THANH PHAN CAP PHOI BE TONG VA THU'C NGHIEM
3.1. Lwa chon thanh phén cip phdi so bd

Trén co s& cac két qua thuc nghiém vé bé tong chat lugng cao trong diéu kién Viét Nam,
nghién ctru la chon ty 1é giita cac thanh phan vét liéu ché tao bé tong str dung cat nghién vai cac
thong s6 nhu sau: Ham luong silicafume (SF) = 10% CKD, ham luong tro bay (FA) = 20% CKD,
ty 1€ C/CKD = 0,8 — 1,2, ty 1¢ N/CKD = 0,16 — 0,22. CKD la hon hop bao g(‘A)m xi mang va phu
gia khoang (t6 hop SF va FA). Viéc thay thé phu gia khoang dugc tinh theo khdi lugng ctia CKD
trong hon hop.

3.2. Lap mé hinh thong ké va ké hoach thye nghiém

Trong nghién ctru di st dung phuong phap quy hoach thuc nghiém béc hai tim xoay dé
nghién ctru anh hudng ca thanh phan bé tong t6i tinh cong tac cia hdn hop bé tong va cudng do
nén cua bé tong, trén co sé d6 lua chon ty 1& phdi hop hop 1y giita FA va SF dé ché tao bé tong
cuong do trén 120N/mm2, do chay theo BS 4551-1:1998 trén 200 mm véi ham lugng
SF =10%CKD va FA =20%CKD.

3.2.1. Lwa chon cic nhén to

Nghién ctru lya chon ty 18 trong ké hoach thi nghiém bac hai tdm xoay 2 nhén t v6i khoang
quy hoach: ty 1¢ C/CKD = 0,8 — 1,2; ty 1€ N/CKD tir 0,16 — 0,22. Ttr d6 x4c dinh anh hudng cta
cac yéu to riéng ré ty 1€ C/CKD va ty 1¢ N/CKD cudng do nén cuia BTCDC trén co s¢ cac thong
tin tién nhiém, nhu sau:

- Ty 16 N/CKD ma ho4 1a bién X,

- Ty 1& C/CKD ma hoa 1a bién X,

K& hoach bac hai tim xoay voi gia tri ma hoa va gié tri thuc nghiém cua cac nhan td, ma tran

quy hoach thyc nghiém duoc thé hién & Béng 3 nhu sau:

Bang 3. Gia tri ma hoa va gia tri thuc nghi¢m cua cac nhan t6

Bién ma hoa Xi,i=1+2 -1,414 -1 0 +1 +1,414 AXi
', X;=N/CKD 0,169 0,175 0,19 0,205 0,211 0,015
Bién thuc
X, = Cat/CKD 0,86 0,9 1 1,1 1,14 0,1
Ham muyc tiéu: Y Cuong d6 nén bé tong tudi 28 ngay

3.2.2. Thiét lgp ké hoach thwe nghi¢m

Ma tran ké hoach thuc nghiém theo bién mi va bién thuc theo ké hoach bac 2 tim xoay duoc
trinh bay trong Bang 4.
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Bang 4. Bang ma tran quy hoach thyc nghiém theo bién ma va bién thuc

Bién mi Bién thuc
STT
X, X, X, X,? N/CKD C/CKD

1 1 1 1 1 0,205 1,1
2 -1 1 1 1 0,175 1,1
3 1 -1 1 1 0,205 0,9
4 -1 -1 1 1 0,175 0,9
5 1,414 0 2 0 0,211 1
6 ~1,414 0 2 0 0,169 1
7 0 1,414 0 2 0,19 1,14
8 0 ~1,414 0 2 0,19 0,86
9 0 0 0 0 0,19 1
10 0 0 0 0 0,19 1
11 0 0 0 0 0,19 1
12 0 0 0 0 0,19 1
13 0 0 0 0 0,19 1

3.2.3. Quy trinh trén, ditc mdu va béio dwéng

Qué trinh tron BTCLSC trong phong thi nghiém khong khac nhiéu so véi bé tong thong
thuong. Tuy nhién, do lwong nude sir dung tuwong ddi it trong thanh phan cip phdi, va viéc phan
bb déu phu gia khoang din téi BTCLSC can c6 thoi gian tron kéo dai.

Qué trinh tao mau thi nghiém cudong do nén, udn duoc thuc hién trén khuon vita co kich
thude 40 x 40 x 160mm. Mdi cap phdi duc 5 khudn dé dam bao du cac mau cho qua trinh kiém
tra cuong do nén & cac tudi 3, 7, 28 ngay. Ngoai ra nham tranh anh huong cua cac yéu td bén
ngoai toi timg t6 mau, thoi gian giira cac 1an d6 khong qua 15 pht.

Mau sau khi tao hinh duogc dudng ho trong diéu kién tiéu chuan (27 +2°C, RH 2 95%) trong
vong 24h + 3h. Sau khi thdo khuén tiép tuc dugc dudng ho trong méi trudng diéu kién tiéu

chuan dén cuong do cac tuoi nén.

3.2.4. Két qud thi nghig¢m va tinh todn phwong trinh hoi quy

Dua trén ty 1& cap phdi bé tong, tién hanh thi nghiém kiém tra danh gia cudng do nén cua
bé tong & tudi 28 ngay voi do chay cia HHBT theo BS 4551-1:1998 khdng ché bang phu gia
siéu déo duoc giGi han trong pham vi 200-250 mm. Két qua nghién ciru duoc trinh bay trong
Bang 5.
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Bang 5. Bang cép phdi thi nghiém theo mé hinh thyc nghiém

Do xoe \ n

STT CKD | XM SF FA Cat N PG,SD (BS 4551) Cuong do
kg kg kg kg kg lit lit MPa

mm

1 1015 711 101,5 | 203,0 | 1117 | 198,7 9,3 220 117,0
2 1047 733 104,7 | 2094 | 1152 | 170,7 | 12,6 221 119,0
3 1098 769 109,8 | 219,6 | 988 | 2136 | 11,5 211 118,5
4 1136 795 113,6 | 227,2 | 1022 | 1846 | 14,2 213 121,3
5 1048 734 104,8 | 209,6 | 1048 | 211,2 | 10,0 224 117,6
6 1095 767 109,5 | 219,0 | 1095 | 1714 | 13,7 225 119,0
7 1015 711 101,5 | 203,0 | 1157 183 9,9 223 119,4
8 1136 795 113,6 | 2272 | 977 | 2029 | 13,0 228 122,7
9 1073 751 107,3 | 2146 | 1073 | 192,1 | 11,8 226 126,0
10 | 1073 751 107,3 | 214,6 | 1073 | 192,1 | 11,8 224 128,0
11 | 1073 751 107,3 | 214,6 | 1073 | 192,1 | 11,8 225 127,0
12 | 1073 751 107,3 | 214,6 | 1073 | 192,1 | 11,8 224 128,3
13 | 1073 751 107,3 | 2146 | 1073 | 192,1 | 11,8 226 128,0

Tim phuong trinh hdi quy ctia ké hoach bac hai tim xoay. Sir dung phan mén Maple ta tim
duogc phuong trinh hdi quy béc 2.
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Phuong trinh héi quy vé cudng d6 nén cé dang nhu sau:
Y =127,5-0,85X1 - 1,06X2 —4,67X12 —3,29X22 + 0,20X1X2

Str dung phan pham tinh toan, ta dwoc gia tri cuong do bé tong téi vu R, = 127,3MPa tai ty
1¢ C/CKD = 0,97 va N/CKD = 0,187.

3.2.5. Thanh phdn cép phoi téi wu ciia bé tong
Tir cac phuong trinh hdi quy ta di tim thanh phan cdp phdi bé téng t6i vu cia BTCPC nhu

trong Bang 6.
Bang 6. Thanh phan cip phdi bé tong tdi vu (CPTU)
STT N/CKD C/CKD SF,% FA,% SD%
1 0,187 0,97 10 20 1,1

St dung phan mém toan hoc cho két qua tinh toan cp phdi bé tong t6i uu dat yéu cau vé
cuong do va do chay.

Thi nghiém kiém tra cAp phdi bé tong tdi uu, thir nghiém mot s6 tinh chat ciia hdn hop bé
tong va bé tong khi str dung t6 phu gia khoang va khong sir dung t6 hop phu gia khoang. Thanh

phan cap phdi thir nghiém tinh chét ciia bé tong dugc thé hién ¢ Bang 7.

Bang 7. Bang thanh phan cdp phdi bé tong thir nghiém

CKD XM SF FA Cat N PGSD
STT , ) N/CKD | C/CKD
kg kg kg kg kg lit lit

100XM | 1089 1089 0 0 1056 191,6 12,0 0,187 0,97

CPTU 1089 762 109 218 1056 191,6 12,0 0,187 0,97

4. KET QUA VA BINH LUAN
Két qua thir nghiém cac tinh chat ctia hdn hop bé tong va bé tong chat lwong cao sir dung cat

nghién va t6 hop phu gia khoang duoc thé hién ¢ bang 8.

Bang 8. Két qua thir nghiém cap phdi bé tong

Do xde Cuong d9 chiu nén Cudng d6 chiu uén
STT (TCVN 12209) MPa MPa
mm R3 R7 R28 R28
100XM 548 91,3 98 106,6 7,6
CPTU 600 92,9 104,8 127,2 8,8
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4.1. Tinh cong tac ciia hén hgp BTCDC sir dung cat nghién

Két qua thi nghiém tinh cong tac cta hn hop BTCBHC sir dung cat nghién qua thi nghiém
xéac dinh d6 chay loang bang con sut theo TCVN 12290:2018 dat do chay 600 mm.

Khi thay thé phu gia khoang bang xi ming thi tinh cong tac ciia hdn hop bé tong sir dung cat
nghién giam.

Bé tong cuong dod cao, chét luong cao st dung cat nghién c6 thé dat dugce do luu dong cao.
Viéc st dung két hop cac phu gia khoang va phu gia siéu déo co thé ché tao bé tong chit lugng

cao voi cot lidu 1a cat nghién.

4.2. Cudng d chiu nén, cwong dd chiu udn ciia BTCPC sir dung cat nghién

Két qua thi nghiém cuong do chiu nén cia BTCDC sur dung cat nghién dat 127,2 MPa, dat
yéu ciu vé bé tong chat luong cao. Viéc st dung cat nghién dap ung yéu ciu tiéu chuin
TCVN 9205:2012 c6 thé ché tao bé tong cudng d chiu nén dat 120MPa.

Khi khong sir dung phu gia khoang, cuong do ctia bé tong sir dung cat nghién thip hon so
v6i BTCDC st dung cat nghién. Phu gia khoang véi to hop gém Silicafume va tro bay c6 ty 1é
hop 1y ¢6 thé ché tao bé tong cuong do dat 120MPa.

Viéc str dung cat nghién can sir dung to hop phu gia khoang véi ty 18 tdi wu két hop véi ham
luong phu gia siéu déo téi uu dé ché tao bé tong cuong do cao va do chay cao.

Cuong d¢ chiu uén ciia BTCDC sir dung cat nghién két hop phu gia khoang hoat tinh c6 gia
tri cao hon so vdi bé tong khong sir dung 100% xi mang. Tuy nhién, sw chénh 1é€nh gifra hai gia
tri trén khong 16n.

Qua cac két qua nghién ctru trén cho thay co thé sir dung cat nghién dat yéu ciu ky thuat
TCVN 9205:2012 dé ché tao bé tong cuong do dat 120MPa. Tuy nhién, thanh phan hon hop bé

tong can st dung to hop phu gia khoang va phu gia hoa déo véi ty 18 i vu.

5. KET LUAN VA KIEN NGHI

Trong diéu kién PTN, st dung cat nghién c6 thé ché tao dugc bé tong c6 cuong do chiu nén
dat 120MPa, tinh cong tac t6t. Can nghién ctru thém cac tinh chét co 1y, hoa khac cia loai bé
tong nay, cac tinh chat nhu: Do chéng thdm nudce, do co ngot, do bén lau,.... Co thé nghién ctru
su dung két hop cdt soi dé nang cao chi tiéu vé d6 bén udn, d6 bén 1au cua bé tong,...

St dung cat nghién dang 1a xu thé va dinh hudng phat trién cta nganh vat liéu xay dung
nuéc ta, tmg dung cat nghién trong bé téng can dugc tiép tuc nghién ctru nhiéu hon dé phu hop
thuc té cong trinh.

Tuy bé tong chit luvong cao, cudng do cao dd va dang dugc nghién ciru ¢ nude ta, nhung hé
théng tiéu chuin, huéng dan vé loai bé tong nay chua co. Can nghién ctru va sém dua ra hé
thong tiéu chuin qudc gia vé bé tong chit luong cao dé c6 thé ung dung phd bién va biét dén
nhiéu hon.
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NGHIEN CUU ANH HUONG CUA XI MANG VA PHU GIA KHOANG
HOAT TiNH PEN PQ BEN SUN PHAT CUA CHAT KET DiNH

RESEARCH OF CEMENT TYPE AND MINERAL ADMIXTURES
ON SULFATE RESISTANCE OF CEMENTITIOUS MATERIALS

ThS. Tran Vin Son
Vién khoa hoc cong nghé xay dung, Email: sonbinhphuong.ibst@gmail.com

TOM TAT: Két qua trinh bay trong bai bio nay cho thiy rang st dung phu gia khoang & Viét Nam thay
thé xi ming v6i ham lugng nhu sau: tro bay thay thé tir 20%-60%, xi 10 cao thay thé tir 40%-60%,
silicafume thay thé tir 5%-10% trong céc loai xi miang podc ling PC40 But Son, PC50 Cam Pha thi nang
cao kha ning bén sun phat cua chét két dinh trung binh dén cao. Két qua cho thy c6 thé ché tao chat két
dinh bén sun phat trung binh tir xi ming podc ling PC40 But Son, PC50 Cam Pha véi ty 1¢ thay thé tro
bay 20%, xi 10 cao 40%. C6 thé ché tao chat két dinh bén sun phat cao tir xi ming pooc ling PC40
But Son véi ty 1¢ thay thé tro bay 50%, 60%, cudng do nén vita giam xap xi 20%, xi 16 cao 60%,
silicafume 5%, 10%. C6 thé ché tao chat két dinh bén sun phat cao tir xi ming podc ling PC50 Cam Pha
v6i ty 18 thay thé tro bay 40%, 60%, cudng do nén vira giam xap xi 25%.

TU KHOA: Chat két dinh bén sun phat, tro bay

SUMMARY: The results presented in this paper show that using mineral additives in Vietnam to replace
cement with the following content: fly ash replaces 20%-60%, blast furnace slag replaces 40%-60 %,
substituted silicafume from 5% to 10% in Portland cements PC40 But Son, PC50 Cam Pha, improves the
sulphate resistance of medium to high binders. The results show that it is possible to make medium
sulphate-stable binders from Portland cement PC40 But Son, PC50 Cam Pha with the replacement rate
of fly ash 20%, blast furnace slag 40%, High sulphate resistant binder can be made from Portland
cement PC40 But Son with the replacement rate of fly ash 50%, 60%, mortar compressive strength
reduced approximately 20%, blast furnace slag 60%, silicafume 5%, ten%. It is possible to make high
sulphate resistant binder from Cam Pha PC50 portland cement with the replacement rate of fly ash 40%,
60%, mortar compressive strength reduced by approximately 25%.

KEYWORDS: Sulfat resistance cementitious, fly ash.

1. MO PAU

Viét Nam 12 mot nude ven bién, khi hau nhiét doi gi6 mua, c6 hon 3.200 km bd bién va
nhiéu hai dao. Bé tong xi ming st dung trong méi trudng xam thuc sun phat (SO4>) gdy bién d6i
thé tich, nut va hu hong dan theo thoi gian. Ban chat ciia qué trinh nay 13 sy phd huy d4 xi mang
trong moi truong sun phat chi yéu 1a do cac ion sun phat (SO4>) tac dung véi C3AHs va
Ca(OH), (14 san pham hydrat hoa cta cac khoang clanhke xi miang nhu CsS, C3A, C4AF) tao
thanh Ettringit thir sinh kém theo su nd thé tich gdy nén ung suit ndi pha v& céu trac di bén
viing cua da xi mang theo cac phuong trinh 1-4 [1, 2]:

Ca(OH), + Na,SO4 + 2H,0 — CaS04.2H,0 + NaOH (1)
3Ca0.A1,05.6H,0 + 3CaS04.2H,0 + 20H,0 — 3Ca0.A1,05.3CaS04.32H,0 (2)
3C2a0.A1,05.CaS04.12H,0 + 3CaS04.2H,0 + 16H,0 — 3Ca0.A1,05.3CaS04.32H,0 (3)
3Ca0.ALO; + 3CaS04.2H,0 + 26H,0 — 3Ca0.A1,05.3CaS04.32H,0 (4)
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Nhu véy, dé giam do nd do tac dung cta ion sun phat, can phai sir dung loai xi mang c6 ham
luong C3A va CsS thdp. Loai xi ming thoa man yéu cau nay chinh 1a xi mang bén sun phat.
Trong khi d6, nuéc ta moi chi c6 mot sb it don vi san xudt xi ming bén sun phat: Nha may
xi miang Tam Di¢p, Cong ty xi mang X18, Nha may Xi mang Thanh Thang, Nha may xi mang
Ha Tién,... Gia thanh cta xi ming bén sun phat trén thi truong Viét Nam thuong cao hon nhiéu
so voi xi mang thuong va khong phd bién trén thi truong. Xi miang bén sun phat thuong duoc san
xudt voi khdi luong nho vi viée san xudt xi ming bén loai ndy quy dinh yéu cau vé nguyén liéu
dat sét chira it nhom dé c6 thé nung duogc clanhke c6 ham lwong C3A nho hon 5% la rat hiém.
Mit khac viéc san xuat loai xi ming nay ciing phirc tap hon vé cong nghé, doi hoi chi phi cao
hon. Cach khac str dung cac loai phu gia khoang c6 tic dung lam giam thanh phan cé thé phan
ung véi ion sun phat khi xi mang thuy héa. Trong cadc phuong phép trén, viéc st dung phu gia
khoang hoat tinh thay thé mot phan xi ming c6 nhidu wu diém. Ngoai viéc gian tiép lam giam
ham luong cac khoang C;A va CsS trong xi mang thi sir dung phu gia khoang hoat tinh con
mang dén nhiéu hiéu qua khac nhu ting tinh cong tac, ting cudong do tudi dai ngay, ting do dic
cua vira va bé tong. Pac biét, s dung phu gia khoang hoat tinh con c6 tdc dung lam gidm &an
mon sun phat ciia bé tong do 1am giam luong Ca(OH), tu do trong bé tong va ting d6 dic ciu
triic ciia bé tong nho phan ung puzolanic.

Ngoai nhitng hiéu qua vé mit k¥ thuat, sir dung tro bay, xi 16 cao con mang lai nhiéu loi ich
vé mat kinh t& va méi truong. Bén canh d6, Viét Nam c¢6 ngudn tro bay, xi 10 cao véi trit lugng
16n va chat luong tot va duoc phan bd & nhidu ving trén lanh tho Viét Nam [2]. Pay ciing 1a diéu
kién thudn loi cho viéc nghién ctru str dung tro bay trong xi mang va bé tong.

Boi vay, tac gia dat van dé sir dung tro bay, xi 10 cao dé ché tao xi ming podc lang hdn hop
bén sulfat. Phuong phap nay don gian vé cong nghé, hiéu qua vé kinh té va con gdp phan giam 6
nhiém moéi trudng, phi hop véi muc tiéu phét trién bén vimg ciia Viét Nam.

2. NGUYEN VAT LIEU SU DUNG

Nguyén vat liéu st dung trong nghién ctru gdm ¢6 xi ming PC40 But Son, PC50 Cam Pha,
tro tuyén Pha Lai, tro bay Cam Pha, xi 10 cao Hoa Phat, Silica fume.

Bang 1. Thanh phan hoa ctia cac nguyén lidu st dung

Thanh phan PC40 ﬂ PC50 Tro tuyén QTro bay Xilo cao, | Silicafume,

hoéa hoc But Son, % | Cam Pha, % | Pha Lai, % | Cam Pha, % % %
MKN 1,34 2,55 1,40 9,50 0,4 0

Si0, - - 59,00 51,60 35,3 99,2
Fe,0; - - 6,50 6,00 0,45 -
Al,O5 - - 25,20 24,40 16,50 0,5
CaO - - 0,90 1,60 33,1 -
MgO -- 1,22 1,30 1,20 8,66 -
SO; 2,40 2,03 0 0,80 0,14 -
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Bang 1. Thanh phan hoa cta cac nguyén liéu sir dung (¢iép theo)

Thanh phan PC40 7 PC50 Tro tuyén vTro bay Xi 10 cao, | Silicafume,
hoéa hoc But Son, % | Cam Pha, % | Pha Lai, % | Cam Pha, % % %
K,O - - 4,30 3,50 2,00 -
Na,O 0,48 0,52 0,30 0,30 0,18 0,2
TiO, - -- 0,70 0,80 -- -
Can khong tan 0,48 0,28 0,30 0,30 - -

3. THUC NGHIEM

Pé danh gia duoc anh hudng phy gia khoang hoat tinh dén cac tinh chat co Iy va d6 bén cia
x1 mang pooc lang. Tham khdo cac tai li¢u [7, 8, 9, 12, 13, 14, 15, 16, 17, 18, 19] trong nghién
ctru nay lya chon tro tuyén Pha Lai thay thé xi mang PC40 But Son véi cac ty 18: 0%, 10%, 20%,
30%, 40%, 50%, 60%:; xi 10 cao thay thé xi mang PC voi cac ty 1&: 0%, 40%, 60%. Silicafume
thay thé xi mang PC vdi céc ty 1&: 0%, 5%, 10%. Dé danh gia anh huong ciia tro tuyén Pha Lai
dén d6 bén cia loai xi mang PC: lya chon nghién ciru thém sir dung tro tuyén pha lai thay thé
PC50 Cam Pha véi cac ty 1&: 0%, 20%, 40%, 60%.

Tién hanh thir theo quy trinh tiéu chuan ASTM C1012:

- Phan tich thanh phan hoa hoc: TCVN 141:2008;

- Cudng d0 nén ciia chat két dinh: kich thuée mau 50x50x50mm theo ASTM C109/109C-18;

- D6 né cua thanh vita trong dung dich sun phat: kich thuéc miu 25x25x285mm theo
ASTM C1012-10.

Bang 2. Cép phdi nguyén lidu str dung trong nghién ciru

b ki % |Kyhiga| XM | PGK | Cat | NuSe | DG xoe anu;(; o MPa
PGK/CKD | mau
g g g ml mm Ngay
Bt Son PC40 0 X | 500 | 0 |1375| 242 | 153 2
90%X+10%FA | FA=10% | F1 | 450 | 50 |[1375| 250 | 154 3
80%X+20%FA | FA=20% | F2 | 400 | 100 | 1375 | 245 | 151 3
70%X+30%FA | FA=30% | F3 | 350 | 150 |1375| 240 | 152 4
60%X+40%FA | FA=40% | F4 | 300 | 200 | 1375| 230 | 153 5
50%X+50%FA | FA=50% | F5 | 250 | 250 |1375| 220 | 151 6
40%X+60%FA | FA=60% | F6 | 200 | 300 |1375| 210 | 152 7
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Bang 2. Cip phdi nguyén liéu st dung trong nghién ctu (#iép theo)

Chét It dinh . K()fCKD Kz,n g;éu XM | PGK | Cat | Nudc [Do xoe Rn 3;(8 jr:n?Ll\l/[Pa
g g g ml mm Ngay

80%X+20%CP | CP=20% P2 400 | 100 | 1375 | 245 155 5
60%X+40%CP | CP=40% P4 300 | 200 | 1375 | 252 153 7
40%X+60%CP | CP =60% P6 200 | 300 | 1375 | 260 152 8
60%X+40%BSF | BSF =40% | BSF1 | 300 | 200 | 1375 | 220 155 3
40%X+60%BSF | BSF =60% | BSF2 | 200 | 300 | 1375 | 220 151 5
90%X+5%SF SF =5% SF1 450 50 | 1375 | 252 151 2
90%X+10%SF | SF=10% SF2 450 50 | 1375 | 252 151 2
Cam Pha PC50 0 C 500 0 1375 | 242 155 2
80%C+20%FA | FA=20% | CF2 400 | 100 | 1375 | 235 155 2
60%C+40%FA | FA=40% | CF4 300 | 200 | 1375 | 225 153 3
40%C+60%FA | FA=60% | CF6 200 | 300 | 1375 | 215 153 5

CPF 7S/6
cPT M6

a) Thanh vita, thiét bi dé xac dinh d6 n sun phat b) Thing dung dich sun phat ngdm mau

Hinh 1. Thi nghiém xac dinh d§ nd cua thanh vita trong dung dich sun phat
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4. KET QUA NGHIEN CUU VA BAN LUAN

4.1. Anh huwéng loai tro bay thay thé xi miing PC40 Bit Son

4.1.1. Anh hwong ciia ty I¢ thay thé tro bay dén cwong dp nén ciia viva

Bang 3. Cuong do nén cia cac mau xi ming vai ty 1 thay thé tro bay khac nhau

Cuong d6 nén ngadm trong nude Cuong d6 nén ngam trong
Chét két dinh Ki’ngllfu voi trong, (MPa) dung dich sun phat, (MPa)
1 thang | 3 thang | 6 thang | 12 thang | 1 thang |3 thang | 6 thang | 12 thang

But Son PC40 X 39,2 | 43,1 45,6 47,8 41,8 | 43,7 | 46,5 29,6
90%X+10%FA Fl1 38,0 | 429 | 43,7 45,9 40,3 | 433 45,2 40,2
80%X+20%FA F2 37,6 | 41,6 | 43,0 44,8 36,6 | 40,1 41,8 39,6
70%X+30%FA F3 35,7 | 40,4 | 423 43,1 37,2 | 40,9 | 442 423
60%X+40%FA F4 33,7 | 37,6 | 40,1 42,0 37,4 | 39,1 40,8 40,1
50%X+50%FA F5 31,9 | 34,8 | 37,6 39,6 35,0 | 385 | 404 39,0
40%X+60%FA F6 28,8 | 31,9 | 355 38,2 32,7 | 36,1 39,3 37,8
80%X+20%CP P2 35,3 38,8 | 43,8 46,1 36,7 | 41,9 | 45,1 38,6
60%X+40%CP P4 30,8 | 36,1 40,5 43,6 324 | 373 423 40,1
40%X+60%CP P6 26,2 | 32,5 35,5 38,8 25,8 | 30,8 | 34,1 34,0

49,0 47
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a) Mau vita ngdm trong nudc voi

b) Mau vita ngdm trong dung dich sun phat

Hinh 2. Cuong d6 nén miu vira xi mang PC40 But Son thay thé bang tro tuyén Pha Lai
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a) Mau vita ngdm trong nudc voi b) Mau vira ngdm trong dung dich sun phat

Hinh 3. Cuong d6 nén miu vira xi mang PC40 But Son thay thé bang tro bay Cam Pha

Két qua nghién ctru trong Bang 3 va Hinh 2, 3 cho thdy:

Cuong do nén cac mau vita xi mang PC40 But Son thay thé véi ty 1& khac nhau bang tro
tuyén Pha Lai ngdm trong nudc voi tiép tuc phat trién theo thoi gian, cuong dé nén mau vira
ngam trong dung dich sun phat phat trién dén thoi diém 6 thang, sau thoi gian 6 thang cic mau
¢6 ty 18 tro tuyén Pha Lai thay thé ting thi cudng d6 nén miu trong dung dich sun phét c6 xu
hudng suy giam cudng do cang it. Pac biét mau dbi ching, cudng do & tudi 12 thang co su suy
giam rd rét (mau bi pha hiy).

Cuong do nén cac mau vira xi mang PC40 Bt Son thay thé véi ty 16 khac nhau bang tro bay
Cam Pha ngim trong nudc voi tiép tuc phat trién theo thoi gian, cudng do nén miu vira ngm
trong dung dich sun phat phat trién dén thoi diém 6 thang, sau thoi gian 6 thang cac mau co ty 1
tro bay Cam Pha thay thé tang thi cuong d6 nén méau trong dung dich sun phét c6 xu huéng suy

giam cuong d) cang it.
4.1.2. Anh huéng ciia logi, ty I¢ thay thé tro bay dén di né ciia viva ngém trong dung dich sun phdt

Bang 4. Do ng thanh vira véi loai, ty 1¢ thay thé tro bay
khéac nhau ngdm trong dung dich sun phat

P Ky hiéu D0 no thanh vira trong dung dich sun phat, (%)
Chat két dinh x -
mau | 1 tuan | 1 thang | 2 thang | 3 thang | 4 thang | 6 thang | 9 thang |12 thang
But Son PC40 X 0,008 | 0,017 | 0,084 | 0,146 k k k k
90%X+10%FA | F1 0,005 | 0,018 | 0,039 | 0,051 | 0,166 | 0,285 k k

80%X+20%FA | F2 0,013 | 0,018 | 0,046 | 0,051 | 0,077 | 0,080 | 0,099 | 0,205

70%X+30%FA | F3 0,011 | 0,020 | 0,043 | 0,050 | 0,076 | 0,079 | 0,092 | 0,149

60%X+40%FA | F4 0,009 | 0,020 | 0,043 | 0,049 | 0,063 | 0,070 | 0,090 | 0,127

50%X+50%FA | F5 0,009 | 0,019 | 0,038 | 0,048 | 0,062 | 0,068 | 0,069 | 0,071
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Bang 4. (tiép theo)

Ky hi¢u Do né thanh vira trong dd sun phat, (%)

Chét két dinh x ‘
mau | 1 tuan | 1 thadng | 2 thang | 3 thang | 4 thang | 6 thang | 9 thang |12 thang

40%X+60%FA| F6 0,003 | 0,014 | 0,027 | 0,028 | 0,042 | 0,042 | 0,043 | 0,053

80%X+20%CP | P2 0,007 | 0,019 | 0,046 | 0,052 | 0,089 | 0,110 | 0,136 | 0,284

60%X+40%CP | P4 0,001 | 0,031 | 0,040 | 0,042 | 0,065 | 0,071 | 0,079 | 0,098

40%X+60%CP | P6 0,003 | 0,008 | 0,010 | 0,012 | 0,017 | 0,018 | 0,019 | 0,024

Ghi chii: “k” - Mau khéng xac dinh duogc.
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a) PC40 Bt Son thay thé bang tro tuyén Pha Lai b) PC40 But Son thay thé bang tro bay Cam Pha
Hinh 4. D6 no thanh vita cta loai, ty 18 thay thé tro bay ngdm trong dung dich sun phat

Két qua nghién ctru trong Bang 4 va Hinh 4 cho thay:
> Do né cua thanh vira xi mang PC40 Bt Son thay thé bang tro tuyén Pha Lai:

Khi ngdm trong dung dich sun phat mau dbi chimg st dung xi ming PC40 Bat Son phat
trién nhanh & tudi sém ngay, dén tudi 4 thang mau bj pha huy (miu bi niit, cong vénh) khong xéac
dinh dugc, cic mau thay thé dung xi mang PC40 Bit Son bang tro tuyén Pha Lai vdi céc ty 1¢
thay thé khac nhau phat trién, mau thay thé 10% ¢ tudi 4 thang 13 0,166% > 0,1% khong dat yéu
cau dé ché tao chat két dinh bén sun phat trung binh, cic mau thay thé tro tuyén 20% tré 1én dat
yéu cau dé ché tao chat két dinh bén sun phat trung binh dén bén sun phét cao voi ty 1¢ thay thé
khéac nhau (Hinh 5a).

Do nd cia thanh vira ngdm trong dung dich sun phét cac mau sir dung thay thé tro tuyén Pha
Lai cang tang thi d6 no cang giam, khi str dung thay thé tir 20% tro tuyén Pha Lai d6 no & tudi 6
thang dat 0,08% (< 0,1%), cuong d6 suy giam so véi mau déi chimg khong dang ké, dat yéu cau
d6i voi chat két dinh sir dung trong méi trudng bén sun phat trung binh (Theo ACI 318-14).

D6 né cua thanh vita ngdm trong dung dich sun phét cac mau str dung thay thé tro tuyén Pha
Lai 50%, 60% & tudi 12 thang 1an luot 13 0,071% va 0,053% (< 0,1%) dat yéu cau dbi v6i chat
két dinh st dung trong méi truong bén sun phat cao (Theo ACI 318-14). Tuy nhién cudng do
suy giam manh so v6i mau dbi chimg.
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> Do no clia thanh vita xi mang PC40 But Son thay thé bang tro bay Cam Pha:

D6 nd cua thanh vira ngdm trong dung dich sun phat cac mau st dung thay thé tro bay Cam
Pha 40%, 60% & tudi 12 thang 1an lugt 12 0,098% va 0,024% (< 0,1%) dat yéu cau d6i voi chat
két dinh st dung trong méi truong bén sun phat cao (Theo ACI 318-14). Tuy nhién cudng do

trong dung dich sun phat suy giam manh so véi mau d6i ching.

a) Do né PC40 But Son 4 thang (nut, cong vénh) b) o ng PC40 But Son thay thé tro bay 4 thang

Hinh 5. D6 no thanh vita cta loai, ty 18 thay thé tro bay ngdm trong dung dich sun phat

4.2. Anh hwéng xi 16 cao, silicafume thay thé xi miing PC40 Bt Son

4.2.1. Anh hwong dén cwong dp nén

Bang 5. Cuong do nén cta cac mau xi mang vdi ty I¢ thay the xi 10 cao, silicafume khac nhau

a) Mau virta ngam trong nudc voi

Cuong d6 nén ngam trong nudc Cuong d6 nén ngam trong
Chét két dinh voi trong, (MPa) dung dich sun phat, (MPa)
1 thang |3 thang | 6 thang| 12 thang | 1 thang |3 thang | 6 thang| 12 thang
But Son PC40 39,2 | 43,1 | 45,6 47,8 41,8 | 43,7 | 46,5 29,6
60%X+40%BSF 37,6 | 41,2 | 439 47,1 32,3 | 41,0 | 42,0 39,8
40%X+60%BSF 34,5 | 40,2 | 42,6 46,5 32,1 39,1 | 41,2 41,1
SF =5% 42,8 | 46,2 | 489 51,2 41,3 | 45,0 | 47,2 46,8
SF=10% 46,1 51,3 | 52,8 53,8 43,2 | 48,1 50,1 49,2
50 L 49
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2 . . v --0--B3K2 g o ol ‘K\ X
= . Eﬁ [ — |
Z; 4 g 40
E_ " —o-X % 37 J) —e—BSF1
AT En \\
g - 34
L IR § N
--¢--BSF1 —m—BSF2
32 28
0 1 2 3 4 5 6 7 8 9 1011 12 13 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Thei gian, thang Thoi gian, thang

b) MAu vita ngdm trong dung dich sun phat

Hinh 6. Cuong d6 nén miu vira xi mang PC40 But Son thay thé bang xi 10 cao Hoa Phat
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b) Mau vita ngdm trong dung dich sun phat

Hinh 7. Cuong d6 nén miu vira xi mang PC40 But Son thay thé bang Silicafume (SF)

Két qua nghién ctru trong Bang 5 va Hinh 6, 7 cho thiy:

Cuong d6 nén cac mau vita ngdm trong nudc voi tiép tuc phat trién theo thdi gian, cudng do

nén mau vita ngdm trong dung dich sun phat phat trién dén thoi diém 6 thang, sau thoi gian 6

thang cac mau vira xi mang PC40 Bt Son duoc thay thé bai xi 16 cao, silicafume thay thé ting

thi cudong d6 nén mau trong dung dich sun phat c6 xu hudng suy giam cuong do cang it.

4.2.2. Anh hwéng dén dé né ciia viva ngdm trong dung dich sun phdt

Bang 6. Do ng thanh vira xi 10 cao, silicafume thay thé PC40 But Son trong dung dich sun phat

. Ky hiéu D0 no thanh vira trong dung dich sun phat, (%)
Chat két dinh x -
mau |1 tuan| 1 thang | 2 thang | 3 thang | 4 thang | 6 thang | 9 thang |12 thang
But Son PC40 X 0,008 0,017 | 0,084 0,146 k k k k
60%X+40%BSF| BSF1 |0,006| 0,034 | 0,039 0,046 0,059 | 0,063 0,071 0,235
40%X+60%BSF| BSF2 [0,006| 0,028 | 0,035 0,041 0,049 | 0,052 | 0,055 0,059
90%X+5%SF SF1 0,010| 0,015 | 0,028 0,041 0,050 | 0,062 | 0,070 0,073
90%X+10%SF SF2 0,009| 0,013 | 0,027 0,037 0,045 | 0,049 | 0,050 0,056
Ghi chii: “k” - Mau khong xac dinh dugc.
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a) PC40 But Son thay thé bang xi 10 cao

b) PC40 But Son thay thé bang Silicafume

Hinh 8. D6 no thanh vita xi 10 cao, silicafume thay thé PC40 But Son trong dung dich sun phat
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Két qua nghién ctru trong Bang 6 va Hinh 8 cho thay:

Do nd ciia thanh vira ngdm trong dung dich sun phat cdc miu sir dung thay thé xi 16 cao Hoa
Phat cang ting thi d6 no cang giam, véi ty 1¢ thay thé tir 40% d6 nd ¢ tudi 6 thang dat 0,063%
(< 0,1%), cuong do suy giam so voi mau d6i chimg khong dang ké, dat yéu cau dbi voi chat két
dinh sir dung trong méi trudng bén sun phat trung binh (Theo ACI 318-14).

D6 nd cia thanh vita ngdm trong dung dich sun phat cac mau st dung thay thé t thay thé xi
10 cao Hoa Lai 60% & tudi 12 thang 1a 0,059% (< 0,1%) dat yéu cau dbi véi chat két dinh sir
dung trong méi trudng bén sun phat cao (Theo ACI 318-14). Cudng d6 nén ciia mau trong voi va
dung dich sun phat ¢ sy suy giam it so véi mau ddi ching.

Do nd cua thanh vira ngdm trong dung dich sun phat cac mau st dung thay thé silicafume
cang tang thi 46 nd cang giam, véi ty 18 thay thé tir 5%, 10% do nd ¢ tudi 12 thang dat 1an luot 1a
0,073%, 0,056% (< 0,1%), cuong do ting dang ké so voi mau ddi chimg, do nd dat yéu cau doi
v6i chét két dinh sir dung trong mdi truong bén sun phét cao (Theo ACI 318-14).

4.5. Anh hwéng ciia ty 1¢ thay thé PC50 CAm Pha bang tro tuyén Pha Lai (CF)
4.5.1. Anh hwéng ciia 1y Ié thay thé bang tro tuyén Phd Lai dén cuwong dé nén ciia vira

Bang 7. Cudng do nén cta cic mau xi ming voi ty 16 thay thé tro tuyén Pha Lai khac nhau

Cuong do nén ngam trong Cuong do nén ngam trong dung dich
% Ky 1}1@11 nudc voi trong, (MPa) sun phat, (MPa)
PGK/CKD| mau
1 thang | 3 thang | 6 thang | 12 thang | 1 thang | 3 thang | 6 thang | 12 thang
0 C 43,8 49,2 52,8 53,1 432 47,2 52,2 46,8
FA =20%| CF2 39,1 44,7 47,2 49,8 42,9 50,4 52,1 47,2
FA =40%| CF4 34,9 40,5 43,9 48,1 37,3 46,1 50,9 48,9
FA =60%| CF6 30,7 33,1 38,6 40,4 31,4 32,4 36,0 35,2
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Hinh 9. Cuong d6 nén mau vira xi mang PC50 Cam Pha thay thé bang tro tuyén Pha Lai
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4.5.2. Anh hwéng ciia ty I¢ thay thé CF dén d né ciia vita ngam trong dung dich sun phdt

Bang 8. Do né thanh vita khi thay thé tro tuyén Pha Lai ngdm trong dung dich sun phat

% Ky hi¢u Do nd thanh vira trong dung dich sun phat, (%)
PGK/CKD mau 1 tuan | 1 thang | 2 thang | 3 thang | 4 thang | 6 thang | 9 thang | 12 thang
0 C 0,005 | 0,019 | 0,045 | 0,050 | 0,070 | 0,090 | 0,143 | 0,240

FA =20% CF2 0,007 | 0,015 | 0,039 | 0,045 | 0,053 | 0,074 | 0,131 0,200
FA =40% CF4 0,008 | 0,015 | 0,035 | 0,039 | 0,043 | 0,044 | 0,048 0,053
FA =60% CF6 0,002 | 0,023 | 0,030 | 0,035 | 0,038 | 0,039 | 0,041 0,043

0,250
0.225 e
0,200

$ 0,175 —e—CF2

% 0.150

£ 0125 CF4

‘5' 0,100
0,075 —e— CF6
0.050 o

====Murc ben

0,025

0.000 sun phat

¢ 1 2 3 4 5 6 7 8 9 10 Il 12 13
Thei gian ngam mau, thing

Hinh 10. D6 né thanh vita cta ty 1¢ thay thé CF khac nhau ngdm trong dung dich sun phat

Két qua nghién ctru trong Bang 7, 8 va Hinh 9, 10 cho thiy:

Cuong d6 nén cac mau vira khi str dung xi mang PC50 Cam Pha lam mau d6i ching ngdm
trong nudc voi tiép tuc phat trién theo thoi gian, cudng do nén miu vira ngdm trong dung dich
sun phat phat trién dén thoi diém 6 thang, sau thoi gian 6 thang cac mau c6 ty 1é tro tuyén Pha
Lai thay thé tang thi cudng do nén mau trong dung dich sun phat c6 xu hudng suy giam cuong
do cang it.

D06 nd cia thanh vira ngdm trong dung dich sun phét cac mau sir dung thay thé tro tuyén Pha
Lai cang tang thi d6 nd cang giam, mau ddi ching va khi sir dung thay thé tir 20% tro tuyén Pha
Lai d6 né & tudi 6 thang dat lan lugt 0,090% , 0,074%, 0,44%, 0,039% (< 0,1%), cudng dd cac
mau c6 ty 18 thay thé 20%, 40% suy giam so voi mau ddi ching khong dang ké, cuong do cac
mau c6 ty 1¢ thay thé 60% suy giam manh so voi mau ddi ching, do né dat yéu cau ddi véi chat
két dinh str dung trong méi truong bén sun phat trung binh (Theo ACI 318-14).

D06 nd cia thanh vira ngdm trong dung dich sun phét cac mau sir dung thay thé tro tuyén Pha
Lai 40%, 60% & tudi 12 thang lan lugt 1a 0,053% va 0,043% (< 0,1%) dat yéu cu ddi véi chét
két dinh sir dung trong moi truong bén sun phat cao (Theo ACI 318-14), cuong d6 mau thay thé
40% suy giam manh it v6i mau d6i ching. Tuy nhién cudng d6 mau thay thé 60% suy giam

manh so v&i mau doi ching.
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5. KET LUAN

Trén co sé nguyén vat liéu sir dung va phuong phap nghién ctru di thuc hién, dé tai rat ra
mot s6 két luan sau:

1. Sir dung thay thé xi ming podc ling bang phu gia khoang hoat tinh cho thdy hiéu qua lam
giam d6 nd sun phat ctia thanh vira. Phy gia khoang hoat tinh tro bay, xi 10 cao, silicafume co thé
ché tao chét két dinh bén sun phat trung binh va cao bang cach thay thé xi ming bang véi ty 18
t6i wu mang lai hiéu qua nhat dinh.

2. Khi thay thé silicafume véi ty 1€ 5%, 10% co thé ché tao chét két dinh dat yéu cau chét két
dinh bén sun phat cao (theo ACI 318-14).

3. Khi thay thé xi ming PC40 But Son (mau ddi chimg di bi nit, cong vénh khong xac dinh
dugc & tudi 4 thang) bang tro bay 20% va xi 10 cao 40% trd 1én thi ¢6 thé ché tao chat két dinh
bén sun phat trung binh, cudng do nén suy giam so vdi mau ddi chimg it.

4. Khi thay thé PC40 But Son bang tro bay 50%, 60% thi c6 thé ché tao chét két dinh bén
sun phét cao, tuy nhién cudng d6 nén suy giam so vi mau déi ching manh, can c6 thém nghién
cuu sau khi lya chon ty 1€ nay.

5. Khi thay thé xi mang PC50 Cam Pha bang tro bay 0%, 20% trd 1én thi c¢6 thé ché tao chat
két dinh bén sun phat trung binh, cudng d6 nén suy giam so voi mau dbi ching it.

6. Khi thay thé xi 10 cao 60% thi c6 thé ché tao chat két dinh bén sun phét cao, cudng do nén
suy giam so voi mau déi chimg it, can c6 thém nghién ctru sau vé viéc ung dung phu gia khoang

nay trong viéc ché tao chat két dinh bén sun phat.
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NGHIEN CUU SU DUNG TRO XI CUA
CAC NHA MAY NHIET PIEN TKV LAM NEN PUONG

RESEARCH ON USING ASH FROM TKV THERMAL
POWER PLANTS AS MATERIALS FOR ROAD

TS. Lé Phugng Ly', ThS Lé Thuén An’
'2Vién khoa hoc cong nghé xay dung, Email: lephuongly.ibst@gmail.com, thuanan82@gmail.com

TOM TAT: Viéc phat trién co s ha ting doi hoi khdi luong vat lidu 1am nén duong 16, tiéu thu nhiéu
tai nguyén thién nhién. Hién nay viéc sir dung xi thai trong cong tac dap nén duong dugc coi 1a bién phap
kha thi nham giai phong bai thai, bao vé méi truong va bao vé tai nguyén dit. Bai bao nay trinh bay két
qua nghién ctru gia cb dat bang tro xi thai ciia cic nha may nhiét dién TKV. Nghién ctru cho thdy c6 thé
thay thé 50% hdn hop dat dia phuong bang tro xi ma céac tinh chat k¥ thuat vé cudong d6 va mo dun dan
hoi van dat yéu cu chét luong vat lidu sir dung 1am két cau 4o duong, thay thé cho két cau ao duong
truyén thong. Khi str dung hdn hop tro xi thai, cac gia tri didc trung co hoc ciia dat gia cd (cuong do chiu
nén, cudng do kéo khi ép ché va mod dun dan hoi) ting ty 18 thuan v6i ham luong tro bay. Cudng do chiu
nén cia cac mau dat trén 3 MPa khi sir dung 50% tro xi dé gia c6 dt.

TU KHOA: tro xi thai, duong giao thong, cuong d6 chiu nén do bén ép ché, mo6 dun dan hoi.

ABSTRACT: The development of infrastructure uses a large amount of backfill soil, so it uses a lot of
natural resources. At present, the use of waste slag in road embankment has been proven as a feasible
measure to clear the landfill and protect the environment. This paper show the results of research on soil
reinforcement with fly ash from TKV thermal power plants for pavement structure and using a mixture of
ash and slag to make roadbeds. The study shows that it is possible to replace to 50% of the local soil
mixture with ash and slag while the technical properties of strength and elastic modulus still meet the
quality requirements of materials used for pavement structure, replace the traditional pavement structure.
The results also show that waste ash can be used as a road bed. When using a mixture of waste ash and
slag, the mechanical characteristic values of the reinforced soil (compressive strength, tensile strength
and elastic modulus) are high, increasing proportionally to the fly ash content. The compressive strength
of the samples reached over 3 MPa when using 50% ash to reinforce the soil.

KEYWORDS: ash, roads, compressive strength, tensile strength, elastic modulus.

1. PAT VAN DE

Viéc phat trién co so ha tﬁng doi hoi khdi luong vat licu lam nén duong 16n, ti€u thu nhiéu
tai nguyén thién nhién. Nghién ctru sir dung tro xi lam vat liéu gia ¢ mong, nén duong giao
thong 12 mot phuong an c6 tinh kha thi cao vi vira giai quyét duoc luong phé thai vira dap tng
dugc yéu cau vt liéu tai chd, giam chi phi van chuyén. Tap doan TKV da xac dinh muc tiéu
chién luoc 1a nghién ctru st dung tro xi cac nha may nhiét dién lam vat liéu xay dung va cac muc
dich khac nham giai phong dién tich bai thai va nang cao hiéu qua kinh té cua san xuét.

Theo Quy hoach phat trién dién luc qubc gia giai doan 2011-2020 cé xét dén nam 2030 (Quy
hoach dién VII), Viét Nam da xac dinh nhiét dién (chiém da s6 13 nhiét dién dot than) 1am trong
tam phat trién nguon dién. Cong suit nhiét dién than nam 2020 1a 36.000 MW, chiém 48%
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co cu nguén dién; va cong suat nhiét dién than nam 2030 1a 75.000 MW, chiém 51% co ciu
ngudn dién. Néu so voi tong cong suat cac nha may dién than cta ca nudc nam 2010 1a 4.250
MW, chi trong vong 10 nim, tong cong sudt cac nha may dién than ting gip 8,5 lan va sau 20
nam ting gap 17,6 lan.

Theo quy hoach dién VII nay thi nhu ciu than dé van hanh 36.000 MW cong suét cac nha
may nhiét dién nam 2020 1a 67 tridu tan than/ndm, va dé van hanh 75.000 MW cong suat cac nha
may nhiét dién nam 2030 1a 171 tri¢u tan than/nam. Tro xi phé thai, 12 cht rin thu duoc sau khi
d6t than. Theo cong nghé ddt, tro xi gdm co6 2 loai 1a tro bay va tro day. Trung binh luong tro
bay va tro day tao ra 1a 35% ddi voi 16 hoi cong nghé CFB va 9,5 % ddi véi 16 hoi cong nghé
PC, so véi than nhién liéu, lugng tro bay va tro day tir cdc nha may nhiét di¢n than nam 2020 1a
20,5 triéu tan va ndm 2030 la 48 trigu tn.

Tai Viét Nam, thoi ky 1960, BO mon Puong cia Truong PHXD, Vién KHCN GTVT da
ap dung gia cd dit bang phu gia voi, xi miang dé xay dung nén dudng cho mot sé duong &
mién Bic nhu Ha Béic, Ha Noi. Tir nhitng nim 1984 Bo Giao théng Van tai da ban hanh Quy
trinh str dung dét gia cd bang chat két dinh vo co trong xdy dung duong (Ban hanh kém theo
quyét dinh s6 2916/KHKT ngay 21/12/1984). Tir sau nim 2000, cong nghé lam mong va 4o
duong giao thong bang dat gia ¢ da duoc dua vao Viét Nam. Mot s6 dia phuong da ing dung
thtr nghiém: T4y Ninh, Pdng Thap, Hung Yén, Bic Giang, Pudng tun tra bién gidi
(B6 Quéc Phong), Pik Lik...

Nhiing ndm gﬁn day BO0 GTVT, Truong bai hoc Bach khoa ba Nﬁng, DPai hoc Giao thong
Van tai... d3 c6 nhitng cong trinh nghién ctru gia ¢ dat bang phu gia voi, xi ming, va co bd
sung cac hoa chat khac. Két qua nghién ctru thi diém xay dung mét sé doan dudng ¢ Pong bang
Song Ciru Long, Tra Vinh. Céac nghién ctru va ung dung da thuc hién tai Viét Nam néu trén cho
thay viéc thi cong nén dudng bang hon hop dat gia ¢b xi ming va tro bay 13 ¢6 co sé va c6 tinh
kha thi. Hién nay, cing vé6i su phat trién ctia xa hoi, nhu cau thi cong xdy dung méi cac tuyén
duong ciing ting nhanh dang ké. Véan dé tan dung ngudn vat lidu dja phuong trong cai tao, gia
cd, thi cong mdi duong giao thong tré thanh van dé rat duoc quan tdm vi khdi lugng vat liéu 1am
nén duong va cac vat liéu khéc véi cong trinh giao thong 1a rat 16n. Do do, cai tao dat tai chd lam
nén moéng dudng thay thé cac vat liéu truyén thdng dang rat dugc quan tam.

Trong nghién ctru dudi day, nhom thuc hién trinh bay két qua nghién ctu gia cb dat Hai
Duong va Mao Khé bang xi ming tro bay lam 4o duong giao thong, nén duong. Két qua nghién

ctru nam trong khuén kho hop tac giita Tap doan TKV va Vién Chuyén nganh Bé tong.

2. VAT LIEU

Xi ming duoc sir dung trong nghién ciru 1a PC40 Nghi Son c¢6 khdi lugng riéng 3,1 g/em?,
d6 déo tiéu chuan 28%, do on dinh thé tich 0,7%. Cudng do chiu kéo khi udn cac tudi 3, 7, 28
ngay lan luot 14 7,5 MPa, 8,0 MPa, 9,3 MPa. Cudng do chiu nén céc tudi 3, 7, 28 ngay lan luot
12 31,1 MPa, 45,0 MPa, 47,0 MPa.
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Dit sir dung trong nghién ciru gdm 02 mau 1a dat 1iy tai Mao Khé (ky hiéu D1) va dat 14y tai
Hai Duong (ky hiéu D2). Hai mau dat dugc lay & d6 sau 0,5 dén 1m. D4t c6 mau xam vang trang
thai ntra cing, tinh déo trung binh.

Céc dac trung co 1y cia mau D1: Ham lugng hat cat 66,6 %; Ham luong hat bui 11,7%;
Ham luong hat sét 23,6 %; Khoi lugng thé tich 1,69g/cm?; D6 4m tu nhién 5,6 %; Hé s6 rong 0,681;
Chi s6 déo 11%; Do am tot nhat 12,4 %; Khdi luong thé tich kho 2,035 g/cm?;

Cac dic trung co 1y ciia mau D2: Ham luong hat cat 64,5 %; Ham lugng hat bui 12,4 %;
Ham luong hat sét 25,1 %; Khéi luong thé tich 1,72 g/cm?; Do am tu nhién 7 %; Hé sb r6ng 0,677,
Chi s6 déo 12%; P9 am tot nhat 10,11 %; Khéi lugng thé tich kho 1,945 g/cm?;

Thanh phan hoa ctia cac mau dat nay duoc trinh bay trong cac bang 1.

Bang 1. Két qua phan tich thanh phan héa

s Thanh phan hoa hoc (%)
STT S6 hiéu mau -
SiOz TiOz Ales Fe20s MKN Téng
1 DI 88,44 0,47 7,37 1,39 2,34 100,00
2 D2 88,23 0,51 7,18 1,52 2,56 100,00

Nghién ctru sir dung xi ming két hop tro bay gia c¢b dit lam méng dudng giao thong duoc
thure hién v6i tro bay tir nha may nhiét dién Dong Tridu (DT) va nha may nhiét dién Cam Pha (CP).
Tinh chét cta tro dugc trinh bay trong bang 2.

Bang 2. Tinh chit cua tro bay

) ) Két qua
TT Chi tiéu k¥ thuat Don vi

bT CP
1 | Tong ham luong (SiO, + Al,O; + Fe,03) % 85,34 84,5
2 |Ham lugng SO; % 1,52 0,59
3 |Ham luong mat khi nung % 6,66 10,09
4 |Ham lugng CaOy % 0 0
5 |Ham luong ion clo (CI) % 0,01 0,02

Ham luong kiém c6 hai tinh theo lugng Na,O twong duong o
6 (Na,O + 0,658K,0) & 0,35 0.24
3. KET QUA NGHIEN CUU

Nghién ciru vé dét gia cd xi mang cho thiy viéc gia cb dit bang xi ming c6 hiéu qua tir
luong dung 4% xi mang trén tong khdi luong dét gia c¢b kho. Trong nghién ctru nay, nhom thuc
hién khao sat ham lugng chét két dinh dé gia ¢ dat voi ham luong 4%, 6%, 8%.

Céc nghién ctru so bo cho théy dd 4m t6i vu ciia mau dat dugc tai 6%, day la vung cho khéi
luong thé tich kho cuia dét gia cd cao nhit. Do do, trong nghién ctru ndy, mau thi nghiém duoc

tao hinh tai d6 am tdi wu 6%.
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Bing 3. Cudng d6 nén clia mau

Ky hidu mau Cuong do chiu nén (MPa) sau thoi gian bao dudng
7 ngay 14 ngay 28 ngay

D1X4 1,32 1.57 170
DIX6 1,08 2.29 Y
D1X8 2,69 2,97 3.05
D1 0,94 0.94 0.94
D2X4 1,09 1,27 1,37
D2X6 1,40 1.80 .03
D2X8 2,39 2,59 2.84
= 084 0,84 0,84

Cuong d6 nén ctia mau dat D1 va D2 khi gia ¢d xi mang véi ham luong xi mang lan luot 1a
4, 6, 8 % dugc trinh bay trong bang 3. Két qua cho thdy khi khong gia ¢6 chat két dinh thi cuong
d6 nén ctia mau dit dat nho hon 1,5 MPa, khong dam bao yéu cau lam 16p méng dudi ciia dudong
(trong moi truong hop). Khi gia ¢d 4% xi ming véi mau sir dung dit D1, 6% xi mang v6i mau
su dung dat D2 thi cuong do nén tai 14 ngay dat l6n hon 1,5 MPa, du diéu kién lam 16p mong
dudi cua duong.

Két qua bang 3 ciing cho thdy tac dung cua chat két dinh dén sy phat trién cuong d6 ciia mau
nén. Vi mau dbi chimg thi cudng d6 nén ctia mau 1a khong doi theo tudi mau. Mau co gia cb xi
mang thi cuong d6 nén ciia miu ting theo tuéi mau. Nhin chung, miu c6 gia cd xi ming thi
cuong d6 nén cua tudi 14 ngay ting 1,1 dén 1,2 1an so véi tudi 7 ngay va tudi 28 ngay cuong do
nén dat 1,1 1an so voi tudi 14 ngay.

Véi dat D1, khi ting lugng xi ming gia cd tir 4% 1én 8% thi cuong d6 nén ciia mau & cac
tudi 7, 14, 28 ting twong tng 1,6 dén 3,2 1an so véi mau chua gia cd.

Véi dat D2, khi ting lugng xi ming gia cd tir 4% 1én 8% thi cuong d6 nén ciia mau & cac
tudi 14 tang tuong tmg 1,4 dén 2,7 1an so v4i mau chua gia c¢d; cic mau o tudi 28 ngay ting 1,4
dén 3,0 1an so véi mau chua gia c. Nhu vy, ham luong sét trong dat cling anh hudng dén su gia
tang cac gia tri dic trung cua dat duoc gia ¢d, ham luong sét trong dat cang cao thi cac gia tri dic
trung co hoc clia mau gia cb cang giam.

Két qua tai bang 3 cho thdy v6i ham luong 6% xi ming gia c¢b thi mau dat gia cd da dat gia
tri cuong do nén tdi thiéu dé lam 16p mong duong & tudi 14 ngay. Nhung dé dat cuong do gioi
han yéu cau dé thoa méan 1am 16p moéng trén (3 MPa) thi cac mau dén 8% xi mang van chua dat &
tudi 14 ngay.

Dé so sanh hiéu qua cta viéc st dung tro bay DT va CP trong cip phbi bé tong dat gia cd xi
ming va tro bay duoc tién hanh véi cip phdi co6 10% chit két dinh. Trong dé v6i mau sir dung
tro bay thi ham lugng tro bay st dung chiém 50% chit két dinh. Chi tiét cap phdi thi nghiém
dugc trinh bay trong bang 4.
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Bang 4. Cap phdi thi nghiém

. . y Cép phdi, % khéi luong,
¥ hiéu ‘ A am luong chat tai o 4m 0%
méu Thanh phan két dinh, % — ,
Tro Xi mang bat
DIX10 |10% XM + 90% D1 10 - 10 90
D2X10 |10% XM + 90% D2 10 - 10 90
D1 .pT|10% CKD (50% tro DT+50%XM) 10 5 5 90
+90% D1
Do . pr | 10% CKD (50% tro DT+50%XM) 10 5 5 90
+90% D2
D1.cp |10% CKD (50% tro CP+50%XM) 10 5 5 90
+90% D1
Do . cp |10% CKD (50% tro CP+50%XM) 10 5 5 90
+90% D2

Tro bay 1a mét loai phu gia khoang c6 hoat tinh. Mot s6 nghién ctru tham khao cho thiy phu
gia tro bay c6 tac dung lam giam nhiét thuy hoa, giam phan tang, giam tinh thAm nuéc, ting do
bén cia bé tong, dac biét trong mai truong bi &n mon. Ddi v6i sét co tinh déo cao s& 1am giam sy
co ngdt va nat né trong qua trinh doéng ran. Tuy nhién, hoat tinh cta tro bay thé hién & tudi

dai ngay.
Bang 5. Cuong d6 nén ciia mau ¢ 14 ngay tudi
Ky hiéu mau Thanh phan Cuong d nén, MPa
D1X10 10% XM +90% D1 34
D2X10 10% XM + 90% D2 3,1
D1-DT 10% CKD (50% tro DT+50%XM) + 90% D1 3,3
D2 -PT 10% CKD (50% tro BDT+50%XM) + 90% D2 3
DI -CP 10% CKD (50% tro CP+50%XM) + 90% D1 3,1
D2 -CP 10% CKD (50% tro CP+50%XM) + 90% D2 2,7

Béng 5 trinh bay két qua thi nghiém cuong do nén ciia mau gia cd dat bang 10% chat két
dinh. Két qua thi nghiém cho thay véi lwong ding xi mang gia c¢b dat 1a 10% khéi luong kho thi
cac cap phéi dat D1X10 va D2X10 gia ¢6 10% xi ming déu thoa min cudong do gidi han yéu
cau. Trong d6 D1X10 co gia tri cudng do nén tai 14 ngay tudi cao hon so véi D2X10. Két qua
nay ciing twong dong vai két qua thi nghiém cuong d6 nén cua mau khi gia c¢b xi mang vai ty 18
tlr 4 dén 8%.

Khi thay thé 50% chét két dinh bang tro bay thi cuong d6 nén ctia mau c6 giam nhung khong
dang ké. Cac miu thay thé 50% xi mang bang tro bay Pong Triéu déu cho két qua xap xi. Cac
mAu sir dung tro bay Pha Lai ¢6 cuong d6 nén dat khoang 90% so véi mau ddi ching.
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Béng 6 trinh bay két qua thi nghiém cuong do kéo khi ép ché cia miu gia c¢b dat bang 10%

chat két dinh. Két qua cho thay tat ca cac miu déu thoa min cuong d6 kéo khi ép ché yéu ciu dé

lam 16p mong trén cia dudong (khong nho hon 0,35 MPa).

Bang 6. Cudng do kéo khi ép ché ctia miu ¢ 14 ngay tudi

Ky hiéu mau Thanh phan Cudng d6 kéo khi ép ché, MPa
DI 10% XM + 90% D1 0,44
D2 10% XM + 90% D2 0,4
DI-BT  |10% CKD (50% tro DT + 50%XM) + 90% D1 0,42
D2-DT  |10% CKD (50% tro BT + 50%XM) + 90% D2 0,38
DI-CP  [10% CKD (50% tro CP + 50%XM) + 90% D1 0,39
D2-CP  |10% CKD (50% tro CP + 50%XM) + 90% D2 0,35

Bang 7. M6 dun dan hdi cia miu & 14 ngay tudi

Ky hiéu mau Thanh phan Mo dun dan hdi Edn, MPa
D1X10 10% XM + 90% D1 1.074,04
D2X10 10% XM + 90% D2 1.080,38
DI -bT 10% CKD (50% tro BT + 50%XM) + 90% D1 1.136,41
D2 -DPT 10% CKD (50% tro BT + 50%XM) + 90% D2 1.201,66
D1 -CP 10% CKD (50% tro CP + 50%XM) + 90% D1 1.114,93
D2 -CP 10% CKD (50% tro CP + 50%XM) + 90% D2 1.191,23

Béng 7 cho thdy khi thay thé 50% xi ming bang tro bay thi mé dun dan hdi cia miu khong

giam. Diéu nay thé hién viéc thay thé tro bay vao thanh phan chét két dinh dé gia cb dét 1a hop 1y.

bé tiéu thu duoc lugng tro xi nhu mot loai vat li€u san lép, d@)ng thoi ddm bao hiéu qua ky

thudt cua vi¢c gia ¢ dat br:ing chit két dinh, nhom thuc hién da thi diém xac dinh tinh chit cua
hdn hop dat gia c¢b chat két dinh va tro xi v6i ty 18 Xi mang:tro xi:dat 1a 10:50:40 va 0:50:50. Ty
1¢ str dung ctia hdn hop tro xi twong dwong tro bay:tro day 1a 50:50. Két qua thi nghiém cip phoi

trén v6i dit D1 cho trong bang 8.

Bang 8. Cuong do clia mau ¢ 14 ngay tudi

Ky hiéu mau Cuong d6 nén, MPa Cuong d6 kéo khi ép ché, MPa
X10DT50 3,2 0,37
X10CP50 3,1 0,36
X10CN50 2,8 0,33
X0DbT50 3,7 0,35
X0CP50 3,5 0,33
XO0CNS50 3,1 0,30
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Két qua bang 8 cho théy c6 thé su dung céc loai tro xi véi ty 1¢ dén 50% khéi lugng vat li¢u
san nén ma cac tinh chit vé cudng do cua vat liéu van dam bao mirc str dung dé 1am 16p mong
duéi cua tang mit bé tong nhya va bé tong xi ming cho dudng cao tdc, dudng cap I, cap II hodc
16p mit c6 lang nhwa. Viée sir dung lugng 16n tro xi ndy c6 thé nhanh chéng giai phong bai thai
hon so v&i phuong an chi sir dung tro bay thay thé mot phan chat két dinh.

4. KET LUAN VA KIEN NGHI

Str dung tro xi thai lam vat li¢u thi cong duong giao thong 1a hudng nghién ctru phu hop, tao
tién dé, co so ky thuat giup giai quyét mot lwong 16n phé thai cua cac nha may nhiét dién
d6t than.

Tro bay va tro day st dung trong nghién ctru ndy 1a cac loai tro bay va tro day ldy truc tiép
tai nha may chua qua xir Iy. Két qua thi nghiém cho thay khi gia c6 ngudn vat lidu dét tai chd
bang xi ming tro bay cac gia tri dic trung co hoc cta dat gia c¢b ting ty 18 thuan voi ham luong
X1 mang tro bay.

Vi lugng chét két dinh gia ¢b dat 1a 10%, c6 thé thay thé 50% chat két dinh bang tro bay ma
chi tiéu vé cuong do va md dun dan hoi van dat yéu cau chat lugng vat liéu su dung lam két cu
40 duong, thay thé cho két cdu 4o dudng truyén thong. Pong thoi, néu thay thé 50% hdn hop dat
dia phuong bang hon hop tro xi thi cudng d6 nén khong nhoé hon 3,1 MPa, cudng d6 kéo khi ép
ché khong nho hon 0,30 MPa.
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NGHIEN CUU CHE TAO XI MANG CO KHOI LUQNG RIENG LON
RESEARCH MANUFACTURING OF HIGH DENSITY CEMENT

TS. Lé Phuong Ly', ThS Lé Thuan An’
"?Vién Khoa hoc cong nghé xay dung, Email: 'lephuongly.ibst@gmail.com, *thuanan82@gmail.com

TOM TAT: Bé téng siéu ning ing dung lam vét liéu chéng phong xa trong cac nha may dién hat nhan
va trong cac phong co st dung may chiéu tia Ron-ghen, thi céng cac cu kién 1am ddi trong nhu trong
cong trinh bién, cic ciu kién chin song. .. Dé ché tao bé tong siéu ning can sir dung két hop hai hudng sir
dung xi ming va ¢t liéu c6 khdi luong riéng 16n, déng thoi ting do dic chic ciia bé tong. Nghién ciru
trinh bay dudi day da cho thiy bang phuong phéap hoat hoa co - hoa, c6 thé ché tao dugc xi ming c6 khoi
lwong riéng 16n trén co s¢ xi miang podc ling va ngudn nguyén lidu quing c6 khoéi lugng riéng 1on c6
trong nudc. Loai xi ming nay c6 cuong do twong dwong xi mang ban dau, véi luong nudc tiéu chuan
giam khoang 40% dén 50% va khéi lugng riéng ting khoang 15% dén 17% so véi xi ming podc ling.

TU KHOA: Xi mang, bé tong siéu nang.

ABSTRACT: Heavy concrete is used as an anti-radiation material in nuclear power plants and in rooms
with Ro-gen beam projectors, construction of counterweight components in marine structures,
breakwaters, etc. Heavy concrete needs to use two directions using cement and aggregates with high
density, and reducing the amount of voids of concrete. The research presented below has shown that by
chemical-mechanical activation method, it is possible to produce high density cement based on Portland
cement and sources of high density materials. This type of cement has the same strength as the original
cement, with a 40% to 50% reduction in water requirement and a 15% to 17% increase in density
compared to Portland cement.

KEYWORDS: Cement, heavy concrete.

1. PAT VAN DE

Bé tong 1a loai vat liéu d4 nhan tao duoc Gmg dung phd bién trong cac cong trinh xdy dung.
Phan loai theo khi luwong thé tich thi yéu cau bé tong siéu ning cé khdi luong thé tich khong
nhoé hon 2.500 kg/m*. Bé téng siéu ning ung dung 1am vét liéu chéng phong xa trong cac nha
may dién hat nhan va trong cac phong cé sir dung may chiéu tia Ron-ghen, thi cong cac cdu kién
lam ddi trong nhu trong cong trinh bién, cac cau kién chéan song. ..

Trong bé tong, ¢t liéu 1a thanh phan chinh, n6 chiém ty trong 16n nhat, nén sir dung cdt liéu
c6 khéi luong riéng 16n trong bé tong 1a huéng mang lai hiéu qua lam ting khéi luong thé tich
ctia bé tong cao nhat. Con xi mang chiém ty trong it hon nén viéc sir dung chét két dinh c6 khéi
lugng riéng 16n dé ché tao bé tong siéu ning mang lai hiéu qua thap hon khi dung véi cac loai
c6t lidu thong thudng. Cho nén, dé tin dung hét kha ning tang khdi luong thé tich cia bé tong
can str dung két hop hai huéng sir dung xi va cdt liéu c6 khdi luong riéng 16n, dong thoi ting do
dic chic cua bé tong. Vi vay, nghién clru san xuit xi mang c6 khdi luong riéng 16n trén co sd

cac loai vat liéu c6 san & nudce ta dé€ ché tao bé tong si€u nang la can thiét.
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Nghién ctru [1] cho thay xi ming c6 lwong can nude thap cd nhimng wu diém so voi xi miang
truyén thdng do sy hinh thanh 18 rong trong da xi ming giam xudng tir 25% tGi 40%, kich thudc
cac 16 réng duoc thu nho lai, cau tric ving chuyén tiép cta hat xi mang véi bé mat cbt lidu ting
lén tir 1,3 dén 2 1an. Pdng thoi, phan ing Puzolanic xay ra nhanh hon tir 3 ti 6 1an. Bé tong sir
dung xi ming c6 luong can nudc thip co cudng dd cao va co dic tinh thi cong tét hon so véi bé
tong c6 cung do sut str dung xi ming truyén thong. Pay 1a mot yéu t6 can thiét dé nang cao hiéu
qua st dung ctia xi mang c6 khéi luong riéng 16n trong bé tong siéu ning.

Nghién ctru dudi ddy danh gid anh hudng cta mot s6 yéu td dén tinh chit ciia xi ming c6
khéi lugng riéng 16n.

2. VAT LIEU VA PHUONG PHAP THi NGHIEM

Xi mang dugc sir dung trong nghién ctru 1a PC40 But Son c6 khéi luong riéng 3,1 g/em?, do
déo tiéu chudn 29,6%, d6 on dinh thé tich 0,6%, thoi gian bat dau va két thuc dong két 1an luot 1a
110 phit va 200 phiit. Cuong do chiu nén cac tudi 3, 28 ngay lan luot 1a 21,1 MPa, 41,0 MPa.

Quang Barit sau khi khai thac dugc dem dap nhd, sau do, sang phan loai thanh cac cd hat:
0,14 - 20 mm. Céc ¢ hat tir 0,14 - 5 mm dugc phan loai va phdi hop voi nhau theo mét ty 18 thich
hop dung lam cat dé ché tao bé tong va vita trat. Cac ¢& hat tir 5 - 20 mm duogc phén loai va phdi
hop véi nhau theo ty 1 thich hop ding lam cdt liéu 16n dé ché tao bé tong. Riéng c& hat dudi
0,14 mm sau khi gia cong tir da géc dugc loai bo vi ¢ ¢d hat nay thudong chira cac hat mém, cac tap
chat 1an vao quing. Barit ding lam phu gia tro trong xi mang duoc nghién tir ¢& hat 10 - 20mm dén
¢& hat lot qua sang 1,25 mm. Khéi luong riéng cua barit 1a 4,42 g/cm?.

Inmenit ding trong dé tai 13 Inmenit Ha Tinh, loai c6 tir tinh va c¢6 khdi luong riéng: 4,7 g/cm?.

Phu gia si€u déo sur dung trong nghién ctru la Mighty - 100 cua hang Kao Nhat Ban. Pay la
loai phu gia dang bdt, mau nau, pH = 9,0, tan tbt trong nudc.

Cat st dung trong thi nghiém voi vira thir cuong do xi mang 14 cat tiéu chuan phu hop tiéu
chuan TCVN 139-91.

Cot liéu st dung cho vira va bé tong si€u nang duoc ché tao tir quang Barit. Cac cd hat cia quang
sau khi dugc lam sach, phan loai, dugc dem phéi hop. C6t lidu 16n ¢6 khdi luong thé tich 2,72 g/em?®.

3. KET QUA NGHIEN CUU
Nghién ctru duoc tién hanh véi cic mau xi ming duge ché tao bang cach nghién chung
x1 mang podc lang (X) va phu gia tro Barit (B) hodac Inmenit (E). P€ bi€u thi thanh phan cap
phoi va thoi gian nghién, st dung ky hiéu chung cho céac loai xi mang la:
XE-a-b-t.
XB-a-b-t.
Véi: XE, XB: ky hiéu mau xi ming nghién cing Inmenit hodc Barit.

a: ham lugng phan traim theo khéi luong cta Inmenit hodc Barit ¢ trong méu;
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b: ham lugng phan trim theo khéi lugng xi ming cua phuy gia siéu déo ¢ trong mau;

t: thoi gian nghién.

3.1. Ty dién bé mat

Két qua xac dinh ty dién bé mit trén cac miu c6 thoi gian nghién chung 1a 30 phat, lugng
dung phu gia siéu déo tang tir 0%, 1,0%, 1,5%, lugng dung Barit hodc Inmenit chiém 50% khéi
luong hdn hop. Mau sir dung barit c6 ty dién tich bé mit 16n hon so véi cac miu st dung 1a
Inmenit. Hai mau xi ming XB-50-1,5-30 (8186 cm¥g), XE-50-1,5-30 (5833cm?/g), c6 d6 min
cao hon han so v6i mau XB-50-0-30 (6251cm?/g), XE-50-0-30 (4395 cm?/g). Piéu nay co thé do
dd cling theo thang Mohr cta Inmenit (5-6) cao hon cua Barit (3-3,5).

3.2. Khéi lwong riéng

Anh huong cua phu gia dén khoi lugng riéng ctia xi mang dugc nghién ctru trén mot s6 mau

c6 thoi gian nghién 30 phut. Két qua trinh bay trong bang 1.

Bang 1. Khoi lugng riéng cuia Xi mang

Mau Ky hiéu (g/Z:If) Mau Ky hiéu @ /Zin3)
1 XE-20-0-30 3,15 6 XB-20-0-30 3,12
2 XE-30-0-30 3,26 7 XB-30-0-30 3,21
3 XE-40-0-30 3,39 8 XB-40-0-30 3,32
4 XE-50-0-30 3,52 9 XB-50-0-30 3,42
5 XE-60-0-30 3,66 10 XB-60-0-30 3,54

Két qua cho thdy khdi luong riéng ctia cac mau déu 16n hon so véi xi ming thudng, va khi
ham lugng phu gia tro cang 16n thi khéi luong riéng cua xi ming cang ting. Khéi lugng riéng
ctia cac loai xi mang st dung phu gia tro 1a Inmenit 16n hon khéi luong riéng cua céac loai xi
ming sir dung phu gia tro 1a Barit voi cing ham lugng. Hay hiéu qua lam ting khéi luong riéng
cho xi ming cua Inmenit 14 cao hon so v&i Barit. Diéu d6 1a do khéi luong riéng ciia Inmenit
(4,7g/cm?), 16n hon khdi lugng riéng cuia Barit (4,42 g/cm?). Vay, khéi luong riéng cta xi ming
tang theo ham luong phu gia tro tir cac loai quing c6 khéi lugng riéng 16n va phu thude vao timg
loai phu gia tro.

3.2. Lwong nuéc tiéu chuin, thoi gian dong két

Két qua nghién ctru vé& luong nude tiéu chuan, thoi gian dong két ctia mau s dung Barit
hodc Inmenit, v6i lugng st dung phu gia tro tor 20%, 30%, 40%, 50%, 60% khéi luong, khong
sir dung phu gia siéu déo, thoi gian nghién chung 14 30 phut.

Céc két qua cho thay, luong nudce tiéu chuan clia xi mang chju anh hudng cua ham lwong phu
gia tro. Khi ham luong phu gia tro trong xi ming ting, lwong nude tiéu chuin cla xi ming giam.
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Ty 1é giam nuéc cua mau chira 60% phu gia tro so véi mau chira 20% phu gia tro 1a 16,95% véi
Inmenit va 15,0% véi Barit. Kha ning giam nudc trong cac mau sir dung phu gia tro 1a Inmenit 16n
hon cac mau sir dung phu gia tro 13 Barit ¢ ciing ty 1&. Ty 1& giam nudc so véi mau ddi chimg khi str
dung 20 + 60% Inmenit 1a: 20,27 - 33,78%; khi st dung 20 + 60% Barit 1a: 12,16 - 25,34%.

Hién tuong trén c6 nguyén nhan chu yéu 13 ai lyc voi nudce cta cc hat phu gia tro va cac hat
clanhke khac nhau, d@)ng thoi ai luc vai nude cua cac hat phu gia tro khac nhau 1a khac nhau nén
bé day mang nudc hap phu trén bé mit cac hat cling khac nhau. Mit khac, phu gia tro ¢6 trong
thanh phan xi mang dong vai tro nhu vi cbt liéu va no khong c6 phan Gng véi nude. Nude trong
hé xi mang chi bao boc, tao mang nudc hip phu quanh hat vi c6t liéu d6 va co vai tro 1a chat boi
tron. Con hat clanhke xi ming, ngoai lugng nuée hap phu 1én bé mit con can mot lugng nude dé
thuy hod cac khoang. Do do, cac loai xi mang c6 ham lugng va loai phu gia tro khac nhau c6
luong nude tiéu chuan khac nhau.

Khi sir dung phu gia tro, thoi gian bat dau va két thic dong két ctia hiu hét cac mau déu
giam so v6i mau dbi chimg. Trong do, cac mau sir dung phu gia Inmenit bat dau dong két som
hon cac miu sir dung phu gia Barit ¢6 cing ham lugng. Theo chiéu khi ting phu gia tro, thoi
gian bat dau dong két giam, nhung chénh léch giita cac mau khong 16n, thoi gian két thuc dong
két tang dan. Piéu nay co thé giai thich nhu sau:

Thoi diém bat dau dong két ciia xi mang 13 thoi diém hd xi mang bat dau mét tinh déo. Theo
cac két qua vé luong nudc tiéu chuan, khi ham luong phu gia tro tang thi ty 16 N/X giam. Chinh
vi vy, ho xi ming clia cac mau c6 chira phu gia tro nhanh chéng bat ddu mat tinh déo hon so véi
mau ddi chimg.

Thoi diém két thuc dong két cua xi mang 13 thoi diém hd xi ming hoan toan mat tinh déo.
Ma nguyén nhan 1am maét tinh déo ctia hd xi ming 1a do céc hat clanhke xi ming phan tng véi
nude tao ra cac san pham thuy hoa lam giam luong nude c6 trong hd xi ming. Bén canh d6 con
c6 mot lwgng nude mat di do cac nguyén nhan khac nhu bay hoi,... Him luong phu gia tro ting
thi ham lugng xi miang (PC40-But Son) giam dong nghia voi ham luong cac khoang ¢ kha ning
thuy ho4 ciing giam. Vi vy, khi ham luong phu gia tro ting, mic du luong nude tiéu chuin giam
nhung thuc té ty 18 nudce trén cac khoang c6 kha niang thuy hoa lai ting. Do d6, lugng nudc trong
hd xi mang con du nhiéu 1am kéo dai thoi gian két thuc dong két.

3.3. Cwong do chiu nén

Dé xac dinh anh hudng cta cac thanh phan dén cudng do nén cia xi ming c6 khdi lugng
riéng 16n, nghién ctru di thuc hién trén cac mau sir dung phu gia tro 1a Barit va Inmenit véi ty 1é
20%, 30%, 40%, 50%, 60%, lugng dung phu gia si€éu déo lan luot 1a 0%, 1,0%, 1,5%, 2,0%,
2,5%. Mau xi mang duoc ché tao v6i cung thoi gian nghién 14 30 phat. Mau thir cuong do nén cé
cung tinh cong tac 11,5 cm.

Khi khéng c6 phu gia siéu déo, két qua cho thdy ham lugng phu gia tro cang 16n thi cudng
d6 cang giam. Véi ham lugng phu gia tro 1 20-30%, cudong do tudi 1 ngdy cao hon mau dbi
chung. Cuong d6 tudi 28 ngay ciia mau chira 20% phu gia tro xap xi mau ddi ching. Nguyén
nhan c6 thé 1a do xi ming nghién cing phu gia tro ¢6 d6 min 16n hon so véi mau déi chimg.
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Dic biét 1a ham luong cac hat ¢6 kich thude nhé hon 10 um 16n hon so véi xi miang dbi ching.
Céc hat xi mang c6 kich thudc nhé hon 10 pm 1a thanh phan quyét dinh dén cuong do cua xi
méng & tudi ngin ngdy. V&i ham lugng phu gia tro 1a 50 - 60%, cudng do tudi 28 ngay giam
manh so véi mau d6i ching do ham luong clinke xi miang qua nhé. Trong d6, mau sir dung phu
gia tro 1a Inmenit giam manh hon mau st dung Barit.

Khi nghién cung phu gia siéu déo, cuong d6 tudi 1 ngay va 3 ngdy cua tit ca cac mau déu
16n hon mau d6i ching. Diéu d6 mot 1an nita chimg t6: cidc mau nghién cing phu gia siéu déo ¢o
d6 min cao hon nén kha ning thuy hoa cia cac hat clanhke xi mang & tudi sém ngay triét & hon.
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Hinh 1. Phat trién cuong dd chiu nén cia mau str dung Inmenit

O tudi 7 va 28 ngay, cudong do cac mau chira 1% va 1,5% siéu déo co cuong do cao hon mau dbi
chimg cho du trong cac mau nay 20% xi mang da dugc thay thé boi phy gia tro (Inmenit hodc Barit).
D6 1a do tic dung giam nudc ciia phu gia siéu déo lam giam luong 16 rong trong da xi ming, mit

khéac lugng phu gia tro ¢6 tac dung dién day khién cho ciu triic da xi méing déc chic hon.
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Khi thay thé 60% xi ming bang phu gia Inmenit (hinh 1), Barit (hinh 2), cudong do cua cac
mau giam manh. Vi ca hai loai phu gia tro, cuong d6 & tat ca cac tudi ciia cac mau déu thép hon
mAu ddi ching nhung van cao hon mau khong chira phu gia siéu déo. Cudng d6 tudi sém ngiy
ctia cac mau c6 chira siéu déo phat trién nhanh so v6i mau khong chia siéu déo, ¢ tudi 7 ngay
cudng d6 da dat 90% dén 95% cuong do tudi 28 ngay. Mau chira 1,5% phu gia siéu déo van ¢o
cudng dd cao nhit. So véi cudng do tudi 28 ngay cta miu ddi chimg, mau XE-60-1,5-30
dat 81,52%, XB-60-1,5-30 dat 76,36% (Hinh 1).

Nghién ctru dd cho thiy vé6i thoi gian nghién 1 30 phat, lugng dung phu gia siéu déo phu
hop 14 1,5% luong dung xi ming, lugng phu gia tro c6 thé sir dung trong khoang 50%-60% tong
khéi lugng xi ming.

4. KET LUAN VA KIEN NGHI

Biang phuong phap hoat hoa co-hoa, ¢ thé ché tao duoc xi ming co khéi lugng riéng 16n
trén co s¢ xi mang poodc lang ciia cac nha may va ngudn nguyén liéu quing c6 khdi luong riéng
16n c6 trong nudc.

Cac két qua nghién ctru trén cho thdy, khi nghién cac loai quing c6 khdi lugng riéng 16n
cing xi mang va phu gia siéu déo ngoai 1am ting khdi lwong riéng cta xi mang con co cac tac
dong 16n dén tinh chat cta xi mang nhu: lam giam lugng nude tiéu chuan, rat ngin thoi gian bat
dau dong két, 1am tang cuong do. Loai xi ming co khéi luong riéng 16n nay cé cuong do twong
duong xi ming ban dau, véi lwong nude tidu chuan giam khoang 40% dén 50% va khéi lugng

riéng tang khoang 15% dén 17% so vdi xi mang podc lang.
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ANH HUONG CUA TOC PO PUN EP PEN TiNH CHAT CUA
TAM TUONG RONG BE TONG PUC SAN THEO CONG NGHE PUN EP

EFFECT OF EXTRUSION SPEED ON PRECAST EXTRUSION
CONCRETE HOLLOW CORE WALL PANEL PROPERTIES

ThS. Poan Thi Thu Lwong', ThS. Lé Thuan An’, KS. Pang Pirc Trung’
'3 Vién Khoa hoc cong nghé xay dung, Email: doanluong.dhxd@gmail.com

TOM TAT: Cong nghé san xuat tm tuong rdng bé tong duc sin tai Viét Nam dugc nhap khau tir Chau
Au. Tuy nhién, hién nay viéc lam chi cong nghé san xuét tim tudng bé tong dic san con nhiéu kho khan.
Do do, chit luong san phém san xut khong 6n dinh, hiéu qua kinh té chua cao. Két qua nghién ctru cua bai
bo nay chi ra anh hudng cia toc do dun ép dén tinh chit ciia san pham tdm tudng rdng bé tong duc san. Két
qua nghién ctru di duoc st dung tai ba nha may san xuit tim tuong rdng bé tong duc san (tai Ha Noi va
TP. HO Chi Minh), tc d6 dun ép t6i wu d6i voi tim tuong day 140 mm trong khoang 2,1 + 2,3 m/phit, tim
twong day 100 mm trong khoang 2,5 = 2,7 m/ phat. Cac san phiam dat dwgc yéu cau theo
TCVN 11524:2016 Tam tudng rong bé tong dic sin theo cong nghé dun ép. Cong suit san xuit ciia cac
nha may di dat 110%, tuong Gmg 1.200 + 1.500 m? san pham/ngay.

TU KHOA: Tam tuong rong bé tong duc sin, téc do dun ép, cudng do chiu nén.

ABSTRACTS: The production technology of precast concrete hollow wall panels in Vietnam is imported
from Europe. However, at present, mastering the technology of manufacturing precast concrete wall
panels is still difficult. Therefore, the quality of manufactured products is not stable and the economic
efficiency is not high. The research results of this paper show the effect of extrusion speed on precast
extrusion concrete hollow core wall panels properties. Research results have been used at three factories
producing precast concrete hollow wall panels (in Hanoi and Ho Chi Minh City), optimum extrusion
speed for 140 mm thick wall panels in the range of 2.1 + 2.3 m/min, for 100 mm thick wall panels in the
range of 2.5 + 2.7 m/min. The products meet the requirements according to TCVN 11524:2016 Precast
extrusion concrete hollow core wall panels. The production capacity of the factories has reached 110%,
equivalent to 1,200 + 1,500 m? of products/day.

KEYWORDS: Precast Concrete hollow core wall panel, extrusion speed, compressive strength.

1. MO PAU

Phat trién san xuét cac loai vat liéu xdy khong nung c6 kich thudc 16n nhim giam thoi gian
thi cong, ha gia thanh x4y dung, giam thiéu phat thai trong qua trinh xay dung la muc tiéu dé ra
trong Chién luoc phat trién vat liéu xay dung Vi¢t Nam thoi ky 2021-2030, dinh hudng dén nam
2050, da dwoc Chinh phii phé duyét tai quyét dinh sé 1266/QD-TTg, ky ngay 18/08/2020 [1].
V&i myc tiéu nay, viéc phat trién, hoan thién cong nghé san xut tim tuong bé tong réng duc sin
1a mot xu thé tat yéu hién nay ctia nganh san xuat vat liéu xay dung tai Viét Nam.

Cong nghé san xuét tim tuong rong bé tong dic san théng thuong gom 2 cong nghé chinh,
1a cong nghé SlipFormer va coéng nghé Extruder. Trong nhimg nim gan ddy, cac doanh nghiép
san xuét tai Viét Nam da lya chon cong ngh¢ Extruder, dugc nhap khéu tir chau Au dé san xuét
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tam tudng rong bé tong diic sin. Tuy nhién, qua khao sat tai mot s6 co s& san xut trong nude
cho thiy, cic nha may san xuit con gip nhidu kho khan trong viéc lam chu cong nghé san xuét
tam tuong rong bé tong duc san, chat lugng san pham khong 6n dinh.

Bai bao nay trinh bay cac nghién ctru dugc thuc hién tai Vién Chuyén nganh Bé tong - Vién
Khoa hoc Cong nghé Xay dung vé anh hudng cua tbc d6 dun ép dén tinh chét cua san phim tim
tuong, duge ing dung trong qua trinh Iya chon ché do dun ép tdi wu tai ba nha may ¢ Ha Noi va
TP. H6 Chi Minh. Cac nha may san xuat da dat hidu qua cao voi cong suét san xuat dat 110%
tuong duong 1.200 + 1.500 m2/ngay, san pham dat chit luong tét, dap tng cac chi tiéu ky thuat
theo TCVN 11524:2016 Tam tudng rong bé tong dic san theo cong nghé dun ép [2].

2. VAT LIEU VA PHUONG PHAP THi NGHIEM

2.1. Vat liéu sir dung

Nghién ctru str dung ngudn xi mang tir cac nha may san xuit tim tuong rong bé tong duc san
tai cac nha may & Ha Noi va TP. Hd Chi Minh. Xi ming yéu cau dat cac chi tiéu k¥ thuat tuan
tha TCVN 6260:2009 [3]. Xi ming sir dung trong san xuat cta dot thi nghiém ndy c6 cac tinh
chét duoc trinh bay trong bang 1.

Bang 1. Tinh chat xi mang But Son PCB 40

STT Chi tiéu Pon vi Két qua
1 Luong nudce tiéu chuan % 29,0
2 Khdi lugng riéng g/em? 3,09
3 Thoi gian bit dau dong két Phut 130
4 Thoi gian két thic dong két Phut 240
5 Do min (lugng trén sang 0,09mm) % 2,9
6 Cuong do chiu udn

- Tudi 3 ngay MPa 1,6

- Tudi 28 ngay MPa 4,6
7 Cuong do chiu nén

- Tudi 3 ngay MPa 33,7

- Tudi 28 ngay MPa 45,5

C6t liéu 16n (D) str dung trong san xuat tAm tudng bé tong dic sin 1a d4 c6 Dmax = Scm,
thuong dugc goi 1a da mi. Cot liéu nhé (C) sir dung trong san xuat 1a loai cat nghién tir da granit,
c6 md dun d6 16n M = 2,8+3,2. Ct lidu sir dung trong san Xuét (H) duoc phéi tron theo ty 1¢
D/C = 8/9 clia dot thi nghiém nay co céc tinh chit duoc trinh bay trong bang 2, duoc thi nghiém
theo tiéu chuan TCVN 7572:2006 [4].
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Bang 2. Tinh chit c6t lidu

STT Chi tiéu Pon vi D C H
1 |Khéi lugng thé tich bdo hoa g/em? 2,62 2,57 -
2 |Khdi luong riéng g/em? 2,78 2,64 -
3 |Khdi lugng thé tich kho g/cm? 2,61 2,52 -
4 |Khéi lugng thé tich x6p kg/m? 1530 1350 -

5 |Po hdng % 52,9 - -

6 |Ham lugng bun, bui, sét % - 0,7 -

7 |6 hit nuée % 0,7 1,6 -

8 |Thanh phﬁn hat, c& sang %
10 mm 0,4 - 0,2
5 mm 4.5 1,0 2,6
2,5 mm 23,7 10,5 16,7
1,25 mm 22,0 20,0 20,9
0,63 mm 21,5 28,0 24,9
0,315 mm 14,4 16,8 15,7
0,14 mm 10,1 16,5 13,5
<0,14 mm 3,5 7,2 5.4

Phu gia siéu déo sir dung trong nghién ctru dugc ldy tai nha may, 13 loai phu gia dic trung sir

dung cho san xuét vat liéu xay dung tir hdn hop bé tong kho.

2.2. Phwong phap thi nghiém

Tinh chét cua vat liéu sir dung va hdn hop bé tong duoc xac dinh theo cac phuong phap tiéu

chuan quy dinh trong tiéu chuin qudc gia.

3. KET QUA NGHIEN CUU

Nghién ctru anh hudng cua hé sb 1én chit dén cuong do bé tong, tién hanh thi nghiém cac chi
tiéu khéi luong thé tich [5] va cudng d6 chiu nén [6] cua miu bé tong dic trong khudn

150x150x150 mm [7], & cac trang thai lén chat khac nhau, st dung hon hop bé tong ctimg dugc

lay tai tram tron ciia nha may. Két qua nghién ciru duge trinh bay trong bang 3.
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Bang 3. Két qua nghién ctru

Cuong do chiu | Cuong do chiu nén
STT hlfe{l Pocimg, | KLTT | KLTT, | He so nén Ry R
miu S kg/m? kg/m? lén chat R, Ros, R, Ras,
MPa MPa MPa MPa
1 M1 5 1.850 1.400 1,32 25,5 35,5 23,5 32,2
2 M2 6 1.900 1.320 1,44 26 35,8 233 32
3 M3 5 1.900 1.360 1,40 27,5 36,6 23 324
4 M4 5 2.010 1.410 1,43 28,2 38,4 25 35
5 M5 6 2.070 1.300 1,59 29,3 39 23 31
6 M6 5 2.170 1.340 1,62 29,1 40 24 32,5
7 M7 6 2.180 1.300 1,68 30 40,4 242 33,5
8 M8 5 2.200 1.360 1,62 30 41 23,7 33,4
9 M9 5 2.310 1.400 1,65 31 41,5 27,2 37,4

Céc thi nghiém v&i hdn hop bé tong cimg tién hanh trén cic miu thi nghiém lap phuwong
150x150x150 mm, trong pham vi thi nghi€ém chi tiéu khdi luong thé tich & trang thai 1én chat
trong khoang 1.800 + 2.300 kg/m?. Céc két qua nghién ctru cho thay, cudng do chiu nén cua bé
tong ting khi khéi lugng thé tich ciia mau ting. Khi khoi luong thé tich mau tiang trong khoang
1.800 = 2.000 kg/m?® twong tmg hé sb 1én chat trong khoang 1,32 + 1,43, thi cuong do chiu nén
clia mau ting tr 3 + 8,2% va tang tir 2,5 + 6,4% khi khoi lwong thé tich mau ting trong khoang
2.000 = 2.300 kg/m? twong tmg hé sb 1én chat trong khoang 1,59 + 1,68. D6 1a do d6 dic chéc
trong cdu triic cia mau thi nghiém cang cao khi hé s6 1én chit cia miu cang ting.

Khac v6i hdn hop bé tong déo co hé sb 1én chit on dinh, kha ning tao hinh ctia hdn hop bé
tong ctimg phu thudc chi yéu vao ché do tao hinh. Cong nghé tao hinh san pham tdm tuong rong
bé tong dtc sin str dung hdn hop bé tong cimg 1a sy két hop cua tac dong dun ép cua truc vit va
tac dong rung ép cia hé thong dam rung. Tdc d6 quay cia vit xoan ty 1¢ thuan véi toe d6 dun ép.
Khi tdc do quay cia cac vit cap liéu qua cao twong tng 1 tbc do dun ép nhanh, vét liéu s& khong
dugc phan bd déu trong qua trinh dun ép, 46 dong déu va dic chic cia san pham khong dam
bao, giy khuyét tat bé mat san pham. Nguoc lai, tbc do quay cua vit xodn qua chim tuong tng 13
tbc do dun ép qua cham, vat liéu dugc 1én chit hon. Tuy nhién diéu ndy s& giy ra hién tuong ket
may, lang phi vat lidu va tiéu ton dién niang. Pong thoi gay khuyét tat ngoai quan bé mit ciia san
pham do hién tuong giat dau dun.

Trong pham vi nghién ciru ctia bai bao, ing dung két qua nghién ctru vé mdi quan hé giita
khéi lwong thé tich va cudng do chiu nén ctia mau trong viéc diéu chinh tdc d6 dun ép cua may
dun ép tao hinh san pham tAm tudng rong bé téng duc sin, cac két qua nghién ciru duogce trinh

bay trong bang 4.
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Bang 4. Tinh chit tim tuong rong bé tong dic san

Thong s6 cong nghé Tinh chét k¥ thuat cta san phém
STT | Ky hiéu mau ;f; glf’ Po4dm | KLTT, | Dohat | Do rong, —
m/phﬁt, HHBT kg/m* | nudc, % %
1 T140.1 1,9-2,1 4,0 2.030 6,7 40,2 Bé& mit mau gon
song
2 T140.2 2,1-23 4,2 1.920 7,2 40,6 -
3 T140.3 23-25 3,9 1.870 8,2 40,7 Stt v& goc canh
4 T.100.1 23-25 4,0 1.950 7,6 28,0 -
5 T.100.2 2,5-27 4,2 1.810 8,5 28,5 -
6 T.100.3 2,7-29 4,1 1.730 9,2 28,5 Sut v& goc canh

Céc nghién ctru duge thyc hién trén hai mo dun san xuat cua cung 1 nha may. Tir két qua
nghién ctru cho thy, tiy thudc vao do day cta san pham ma toc d6 dun ép cta thiét bi dun c6 su
sai khac.

V6i mo dun san xuét tim tuong c6 chiéu day 140mm, khi toc d6 dun ép cham 1,9 - 2,1 m/phut,
bé mit san pham xuat hién khuyét tat gon song. Didu nay 1a do ap luc vat liéu trong may dun 1én
cac vit xodn, dan dén hién twong giat dau dun ép. Khi tbc do dun ép cao 2,3 + 2,5, bé mit san
pham bi nut, sat nhiéu. Piéu nay duoc giai thich 1a do sy phan bd vat lidu khong dong déu, do
1en chit vat liéu khong dat yéu cau, din dén hién twong nit v& hodc sit canh ngay sau khi san
pham ra khoi dau dun.

Véi mo dun san xuét tim tudng c6 chiéu day 100mm cho phép téc do dun ép cia thiét bi
nhanh hon. Tuy nhién khi tc d6 dun ép qua nhanh, tir 2,7 + 2,9 m/phut, gdy ra hién tuong
khuyét tat bé mat, sut v gbc canh.

4. KET LUAN VA KIEN NGHI

Khac v6i hdn hop bé tong déo, dbi véi hdn hop bé tong cimg, cuong do bé tong phu thude
vao ché do gia cong tao hinh. Do do, can xac dinh 6 mbi tuong quan gitra h¢ sb lén chit cua bé
tong va cuong do chiu nén cua bé tong.

Cén kiém soét chit ché cac chi tiéu cong nghé va céac chi tiéu ki thuat ctia san pham trong
qua trinh san xut san pham tim tuong rong bé tong duc sin, lwa chon ché do cong nghé phu
hop, dam bao yéu cau ki thuat va hiéu qua kinh té. Trong pham vi két qua nghién ctru cua bai
bao, lua chon tde dd dun ép ddi voi thm tuong day 140 mm trong khoang 2,1 + 2,3 m/phut, tam
tuong day 100 mm trong khoang 2,5 + 2,7 m/ phut.

Can mo rong nghién ctru 1am cha cong nghé san xuit san pham tam tuong rong bé tong dic
san theo cong nghé dun ép stir dung ngudn vat lidu dia phuong c6 san, nghién ctru tdi wu cac
thong s6 cong nghé khéc trong qué trinh san xuét.
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NGHIEN CUU UNG DUNG TRO TRAU TRONG
CHE TAO VAT LIEU KiCH HOAT KIEM
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TOM TAT: Viéc tai sit dung ngudn nguyén liu tir chit thai la mot trong nhing cach hiéu qua nhat dé
phat trién kinh té xanh va viéc st dung vat liéu kich hoat kiém c6 thé tro thanh phwong 4n thay thé hop 1y
cho chét két dinh xi méng truyén théng dé giam tic dong tiéu cuc dén mdi trudong. Nghién ctru ndy mo ta
viéc sit dung dung dich silicat kiém duoc tao ra tir tro triu va dung dich NaOH dé ché tao chit két dinh
geopolymer. Trong nghién ciru, tac gia da chi ra nhitng anh huéng khac nhau cta timg thanh phan vat lidu
t6i cac tinh chat ddc trung cta chat két dinh nhu thoi gian dong két, d6 nhdt hay cudng do. Tir dung dich
kich hoat kiém nay, dé tai da ché tao duoc chat két dinh c6 cuong do lén dén 65,9 MPa, co cac tinh chat
phu hop dé st dung cho viée ché tao bé tong geopolymer.

TU KHOA: Kich hoat kiém, tro trau (RHA), geopolimer, vét li¢u tir chét thai.

ABSTRACTS: Reusing resources from waste is one of the most important ways to develop a green
economy, and the use of alkali-activated materials can become an alternative for traditional cement
binders to reduce the negative impact on the environment. This study describes the use of alkaline
silicate solutions produced by mixing rice husk ash (RHA) with aqueous NaOH to create geopolymer
binders. In the study, author has shown the different effects of each material composition on the
characteristic properties of the binder such as setting time, viscosity or strength. From this alkaline
activator solution, the project has made a binder with high compress strength (up to 65.9 MPa), with
suitable properties for use in geopolymer concrete.

KEYWORDS: Alkali-activation, RHA, Geopolymer, Waste materials.

1. MO PAU

Geopolyme 1a mot ho vat liéu aluminosilicat tong hop duoc hinh thanh bang cach kich hoat
kiém céc nguyén liéu thé aluminosilicat ran [1]. Nhiéu nghién ctru di chi ra rang day 1a mot loai
vat liéu mang nhiéu wu diém co6 thé thay thé viéc 1¢ thudc hoan toan vao st dung bé tong xi mang
trong cac cong trinh xay dung.

Hién nay, bé tong xi miang dang 1a mot trong nhitng loai vat liéu xay dung phd bién nhat
dugc sir dung trong viéc xay dung cac toa nha, cong trinh ciu va co so ha ting trén thé gidi ciing
nhu & Viét Nam. Qua trinh san xuat bé tong doi hoi sir dung ngudn tai nguyén thién nhién rat
16n. Viéc khai thac cac ngudn tai nguyén thién nhién nhu cat, da va dat dé san xuét cdt lidu va
clanke xi mang ciing anh hudng 16n dén moéi trudng khu vuc khai thac, can kién ngudn tai
nguyén. Vi vy, viéc nghién ctru phat trién loai bé tong trén co so tan dung cac ngudn vt lidu tir
phé thai dang dwoc nhiéu nha nghién ctru quan tim. Trong d6 bé tong sir dung chat két dinh
kiém hoat hoa thay thé hoan toan xi ming hay con goi 1a bé tong geopolymer duoc danh gia 1a

rat c6 tiém nang.
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Bé tong kiém hoat hoa (BTKHH) 1a mét loai bé tong mdi, so voi bé tong ning thong thudng
c6 mot sb wu diém nhu sau: Cuong do bé tong kiém hoat hoéa phat trién nhanh va qua trinh
dudng hd nhanh [2]. Co ngdt va tir bién rat thap va kha niang duy tri su 6n dinh véi nhiét do tot.
Pay dong thoi 1a loai vat liéu c6 d6 bén héa hoc cao [3]. Cac loai axit, chat thai doc hai, nudc
bién khong c6 hai ddi véi bé tong geopolimer vi qua trinh an mon khong xay ra ddi voi loai bé
tong nay gidng nhu véi bé tong truyén thong st dung xi mang podc ling.

V6i nhitng tinh chat uu viét ké trén, ¢6 thé coi bé tong geopolimer 1a mot loai “siéu bé tong”,
nén hoan toan co thé thay thé bé tong xi ming podc ling trong xay dung co ban. Tuy vay bé tong
sir dung CKD kiém hoat hoa ciing c6 nhitng nhugc diém sau: khé thi cong va chi st dung & dang
tron san hodc cdu kién dtc san do doi héi str dung cac hoa chat nhu thuy tinh 10ng, nhat 1a dung
dich xat NaOH, mot hoa chit c6 thé gy hai cho con ngudi.

Tro trdu nhiéu nam gan day dugc biét dén 1a mot ngudn vat liéu chira ham luong silic vo
dinh hinh cao, co thé sir dung tuong tu silicafume trong viéc kich hoat phan tng tao chét két dinh
Metakaolin/xi kiém hoat hoa [4]. Nghién ciru nay sé& sir dung phé thai nong nghiép (tro trau) dé
ché tao dung dich silicat kiém hoat hoa nham thay thé hoan toan dung dich thuy tinh 10ng thuong
mai trong ché tao bé tong khong xi ming cuong do cao dong ran ¢ nhiét 4o thuong. Pay 1a mot
huéng di méi rat tiém niang, néu co thé 4p dung san xuat & quy mo cong nghiép thi day s& 1a mot
budc tién 16n trong nganh cong nghiép bé tong & Viét Nam.

2. VAT LIEU SU DUNG VA PHUONG PHAP THi NGHIEM

2.1. Vit li¢u kich hoat kiém trén co sé tro trau
a, Tro tréu
Tro trdu (RHA) duoc st dung trong nghién ctru nay thu dugc bang cach ddt trdu trong 16 dbt

cai tién co san tai Pai hoc Xay dung c6 mot so tinh chat sau:

Bang 1. Thanh phan hoa cua tro trdu (RHA)

CaO SIOQ A1203 MgO SO3 KQO TlOz FCQO3 Na20 MKN
0,9 90,5 0,3 0,4 0,4 2,0 -- 0,2 0,1 3,8

b, NaOH khan

NaOH khan c6 dang vay, mau tring, d6 tinh khiét 97-98%, khi luong riéng 2,130 g/cm’

¢, Dung dich kich hoat kiém

Tir nguyén liéu 1a tro trdu (RHA) va NaOH khan, nhom tac gia di ché tao dugc dung dich

kich hoat kiém c6 mot s6 tinh chét sau:
+ Mau sic: Pen
+ Ty trong :1,5 kg/ lit
+ Thanh phan héa hoc: Na20 (7,2%), H20 (72%), SiO2 (20,8%)

Qua trinh diéu ché dung dich kich hoat kiém gém 2 budc chinh sau:
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+ Budc 1: Chuan bi nguyén liéu (nguyén liéu chinh gom tro trdu va dung dich kiém)

Déi véi dung dich kiém NaOH: Chuan bi nudc cat va NaOH khan dé san, dung dich NaOH
duoc tao ra bﬁng cach can dong chinh xach lugng nudc va kiém khan, sau d6 cho kiém khan vao
binh 2 lit cho vao trong chiu nudc dé ha nhiét phan tng rdi tir tir rot nudc vao (vira rot vira
khudy dé phan (mg xay ra nhanh hon). Dung dich sau khi diéu ché xong dé ngudi va duoc diung
diéu ché dung dich silicat hoat hoa.

+ Budc 2: Diéu ché dung dich kich hoat kiém

Dung dich kiém da diéu ché trong binh 2 lit ta dat binh 1én may khudy va cin luong tro can
thiét cho vao (vira dd tro vira khudy dé tranh bam thanh binh). May khudy duoc bét va ting toc
d6 khudy can thiét dong thoi theo ddi nhiét do khudy t6i 80°C thi bam thoi gian khudy trong
3 gio.

Nguyén liéu tro trdu c6 ham luong SiO; s& dugc hoa tan véi dung dich xat NaOH trong thiét
bi phan ung s& tao thanh dung dich Na,SiO3 theo phuong trinh hoa hoc:

2NaOH + SiO; = Na,SiO3 + H20 - Q

Hinh 1. Quy trinh ché tao dung dich kich hoat kiém tir tro trdu

2.2. Xi 10 cao nghién min

Trong d& tai str dung xi 10 cao hoat hda nghién min S95 dwoc mua tir nha may luyén gang
thép Hoa Phat - Kinh Mén - Hai Dwong. Loai xi st dung c6 khéi lugng riéng 2,89 g/cm’; d6 déo
tiéu chudn 26.4%; chi s6 hoat tinh 7 ngay va 28 ngay lan luot 1a 82.5% va 103.2%; luong sot
sang 0.09mm 1a 1.67% va ti dién tich (Blaine) dat 4520cm*/g. Khi phan tich thanh phan hat bang
Laser duoc két qua duong kinh hat trung binh 13 10.4486 um. Tat ca cac tinh chat trén dugc xac dinh
dira trén cac tiéu chuan ap dung cho xi ming podc ling va TCVN 4315:2007, TCVN 6882:2001.
Thanh phan khoang hoa va thanh phan hat ctia XLC duogc phan tich bang phuong phap phan tich
nhiéu xa ronghen (XRD, XDF) va phuong phap tan xa lazer, cac két qua duoc néu ¢ Bang 2 va
Hinh 2, Hinh 3.
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Bang 2. Thanh phan héa cia XLC

CaO SIOZ A1203 MgO SO3 K20 T102 F6203 N320 MKN

40,95 | 35,54 10,95 9,20 0,14 0,67 0,32 0,72 0,43 0,99
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Hinh 2. Thanh phan hat ctia XLC

Tir Hinh 3 ¢6 thé thdy thanh phan pha cua xi chi yéu gdm cac khoang:

Khoang kilchoalite - Ca6(Si04)(Si3010) ¢ cac peak d = 3,50319; d = 2,8648 ung vdi cac
g6c theta 6 =250 va 31,20.

Khoéng canxi silicat - Ca3(Si309) c6 ¢ peak d = 3,08112 ung véi goc theta 6 = 29,10.

Khoang Vesuvianite ferrian - Cal9(Al, Fe, Mg)11(S1,Al)18069(OH)9 c6 ¢ peak d = 2,77030
ung voi goc theta 6 = 32,20.

R EE IR R

Lin fauris)

Hinh 3. Thanh phan khoang vt ctia XLC

2.3. Tro bay

Dé tai str dung tro bay ctia nha may nhiét dién Udng Bi c6 khdi luong riéng 2.15g/cm’; do
déo tidu chuan 24.5%; chi s6 hoat tinh cuong d6 sau 7 ngay va 28 ngay lan lugt 1a 71,2% va
92,1%; lugng sot sang 0.09mm 1a 2,46% va ti dién tich (Blaine) dat 3280cm?/ g. Phan tich thanh
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phan hat bang Laser duoc két qua dudng kinh hat trung binh 14 45,29 pm. Thanh phan hoa dugc
trinh bay trong bang 3.

Bang 3. Thanh phan hoa hoc cua tro bay Udng Bi

CaO SIOZ A1203 MgO MnO SO3 FezO3 Kzo NazO T102 MKN
533 | 59.64 | 19,00 ; ; 0.1 | 1030 | 334 ; 197 | 625

Tir cac két qua trén cho thay, tro bay str dung c6 cac tinh chét co 1y co ban thudc loai F theo
tiéu chuan TCVN 10302:2014.

2.4. Phwong phap thi nghiém

- Nghién ctru 1y thuyét: Phan tich, tng hop 1y thuyét nham lam sang to cac van dé da nghién
clru trong va ngoai nudc. Trén co s¢ d6 dat ra cac ndi dung nghién ctru, cac giai phdp ky thuat.

- Nghién ctru thue nghiém dugce st dung dé 1am sang to van dé dit ra, kiém chung lai cac du
doén, nhan dinh nham khéng dinh tinh diung dén cta cac két luan.

- Ngoai cac phuong phap thi nghiém vat li¢u duogc liét ké theo cac chi ti€u nhu trén, cung cac
phuong phéap thi nghiém hdn hop vita va chat két dinh tudn tha theo cac tiéu chudn hién hanh,
nghién ctru d3 str dung phuong phap xac dinh do nhét ciia hdn hop hd chét két dinh dwa trén thiét
bi SV-10 ciia cong ty A&D. Co s clia phuong phéap nay 1a thiét bi s& xac dinh va tinh toan do
nhét ciia hdn hgp hd CKD tir viée xac dinh dong dién can thiét dé rung hai sensor véi tan sd
khong d6i 1a 30 Hz. Theo phuong phap nay, hai tim sensor dugc nhung vao trong miu dén vi tri
nhat dinh. Khi hai tim nay dao dong véi tan s6 xac dinh va khong d6i, bién do thay déi do luc
ma st sinh ra gitra mau hon hop hd CKD va tdm sensor. Do luc ma sat cua cht long ty 1¢ thuan
v6i d§ nhét, dong dién dé tao cho tAm sensor rung véi tan s 6n dinh cling ty 1¢ tryc tiép vo1 3o
nhét cia mdi miu, do dé d6 d6 nhét duge xac dinh boi cac mbi tuong quan gitra dong dién va do
nhét. Chi tiéu do chay loang ctia hdn hop chit két dinh trong nghién ctru sir dung c6n mini va
ong suttard dugc ap dung dua trén co so thi nghiém do chay cua via.

- Thanh phan cip phdi hd CKD st dung trong nghién ctru duoc trinh bay trong bang 4.

Bang 4. Thanh phan hdn hop céac cap phdi hd CKD nghién ctru

Ky hicu | \lljltﬂllirlllh &hﬁn Luong ding vat ligu cho 1 don vi CKD, kg
cap phoi
M* AM TB XLC Dd RHA NaOH khan Nuédc
Anh huong cta ham lugng TB/CKD
TB 0 5 1 0 100 0,240 0,042 0,127
TB20 | 5 1 20 80 0,240 0,042 0,127
TB40 | 5 1 40 60 0,240 0,042 0,127
TB60 | 5 1 60 40 0,240 0,042 0,127
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Bang 4. (tiép theo)

Ky hiéu Ty \lzztﬂllii?llj (i)hén Luong dung vét li¢u cho 1 don vi CKD, kg
cap phoi
M" AM TB XLC Dd RHA NaOH khan Nudce
TB 80 5 1 80 20 0,240 0,042 0,127
TB 100 5 1 100 0 0,240 0,042 0,127
Anh huéng cta ham lugng kiém M*
M"1 1 1 20 80 0,048 0,008 0,265
M"3 3 1 20 80 0,144 0,025 0,196
M"7 7 1 20 80 0,337 0,059 0,058
M"9 9 1 20 80 0,433 0,076 0
Anh huong ctia ham luong mé dun kiém AM
AMO0,75 | 5 0,75 20 80 0,240 0,026 0,127
AM 1,25 | 5 1,25 20 80 0,240 0,058 0,127
AM 1,50 | 5 1,5 20 80 0,240 0,074 0,127

3. KET QUA VA BAN LUAN
3.1. Anh huéng ciia ham lweng tro bay va xi 10 cao

Geopolymerisation 1a mot qua trinh phirc tap bao gdm nhiéu budce nhu hoa tan, két tia, tai
céu tric va polycondensation. Cac qua trinh nay phan 16n duoc két hop v6i nhau va xay ra dong
thoi. Mot s6 phan Gng nhu hoa tan hodc két tua bat dau & giai doan dau khi tron voi chat hoat
héa kiém & nhiét d6 méi truong [5]. Do d6, ham luong st dung cua timg thanh phan vt liéu ¢o
nhing tac dong 16n dén cac dic tinh caa hdn hop chat két dinh.

Tir két qua duoc trinh bay trong bang 4, ta thdy rang khi ham luong tro bay thay thé mot
phan xi 10 cao cang tang thi Ntc ctia hon hop hd CKD cang giam gin nhu tuyén tinh tir
33,1 - 30,4%. O day, d6 déo tiéu chuan cua hdn hop hd CKD duoc biéu thi théng qua gia tri
luong nudce tiéu chuan, Ntc. Do chua cé tiéu chuin riéng cho viéc xac dinh lugng nudce ti€u
chuan caa hdn hop hd CKD nén dé tai sit dung phuong phap xac dinh do déo tiéu chuan cua hod
xi mang pooc lang, TCVN 6017:2015.

Thoi gian dong két 13 yéu t6 chiu anh hudng 16n nhat tir viée st dung tro bay. Khi ty 1¢ tro
bay thay thé xi 10 cao ting 1én tir 0% dén 80%, thoi gian bt dau va két thuc dong két cua hdn
hop hé CKD ting 1én nhanh chéng tuong tng 1 bat dau dong két tir 20 phut 1én 80 phut va két
thuc & 80 phut tang 1€n 185 phut.

Do luu dong cua hon hop hd CKD dugc xéac dinh bf?mg hai dai lugng 1a d§ chdy loang cua
con (D) va do chay sutart (Dh). Khi ham lugng tro bay ting 1én thi ca hai gia tri nay déu c6 xu
hudng tang.
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Bang 5. Anh hudng ciia tro bay/CKD dén tinh chat hdn hop hé CKD

L Tinh chit cta hdn hop hd CKD
Ky hiéu cap phoi
Nee, %0 Thaax, phut Tieax, phtit D, mm | Dy, mm P,, mPa.s

TB O 33,1 20 80 238 208 9,7
TB 20 32,6 25 85 245 225 9,2
TB 40 32,2 40 115 254 230 8,7
TB 60 31,3 65 135 275 252 8,4
TB 80 30,8 80 185 303 285 8,0
TB 100 30,4 1533 -- 326 311 7,6

Pic diém cua tro bay c6 dang hat hinh cau tron tron tao nén hiéu tng & bi (ball bearing
effect) va hi€u ung phan tan nén c6 lugng nudc can dé boi tron toan bd bé mat hat TB it hon
luong nudce boi tron bé mat hat XLC c6 hinh dang goéc canh, ndi ma sat lon. Do do hon hop CKD

khi c6 thanh phdn tro bay nhiéu ciing s& linh dong hon.
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Hinh 4. Anh huéng ham luong TB dén do nhot ho CKD

Dé danh gia anh huong ciia ham luong TB dén d6 nhét va sy thay doi d6 nhét ciia hdn hop
hd CKD, céc cép phéi khao sat déu c6 ham lugng kiém M" = 5,0% va mé dun kiém AM = 1,0.
Do nhot duge do tire thoi tai thoi diém ban dau ngay sau khi tron va theo thoi gian dén khi d6
nhét kha 6n dinh (khoang 50 phut sau khi tron). Do nhét ban dau ciia hd CKD c6 xu hudng giam
khi ting dan ty 1& sir dung tro bay, diéu nay 1 hoan toan phu hop véi hiéu tng bi (ball bearing
effect) khién cho noi ma sat gitra cac hat giam.

Theo thoi gian, 6 nhét cuia hd CKD ting 1én nhanh do phan (mg geopolymer bét dau xay ra.
Trong qué trinh tao gen, tro bay phan tng v6i moi trudong kiém va cac dung dich kich hoat dan
dén hinh thanh vat liéu két dinh, bao gdm alumino - silicat - hydrat (A - S - H) gel. Geopolyme
dua trén tro bay cho thiy do bén co hoc tot va do bén duge nang cao [6]. Tuy nhién dang chu y
1a khi khong c6 thanh phan xi 16 cao, hdn hop gan nhu khéng c6 su thay d6i vé d6 nhét trong thoi
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gian dau. Kha ning phan mg thap ctia tro bay thudng din dén qua trinh dong két va phat trién do
bén cham [7], day 1a mot yéu t6 han ché, gay can trd viée sir dung tro bay trong geopolyme.

3.2. Anh hwéng ciia ham lwong kiém M*
Ham lugng kiém: M" = %.100% theo khéi luong 1a mot gia tri quan trong biéu thi luong

SiO, ¢6 trong hdn hop CKD hay luong dung dung dich kich hoat kiém RHA. Tir két qua nghién
ctru duoc trinh bay trong bang 5 ¢6 thé thiy riang lwong nude tiéu chuan caa hdn hop hd CKD chiu
anh hudng boi ham luong kiém. Gia tri nay 16n nhat khi lam luong kiém M = 5%. Thoi gian dong
két cua ho CKD ciing c6 thay dbi rat 1on khi ham lwong kiém ting 1én tuy nhién khi gia tri
M" vuot gid tri 5% thi nhiing thay d6i nay khong con qua déng ké. Diéu nay ching to rang khi gia
tri M" = 5%, luong chét kich hoat 1 da dé phan tmg geopolimer xay ra véi toc do cao.

Bang 6. Anh hudng cta ham lugng kiém M dén tinh chat hdn hop hé CKD

o . Tinh chét ciia hdn hop hé CKD
Ky hiéu cap phoi
N, %0 Thaak, phut Tktak, phut D, mm | Dy, mm P,, mPa.s
M'1 28,8 125 495 309 279 6,0
M3 29,9 80 400 284 252 7,1
M"5 32,6 25 85 245 225 9,2
M7 31,0 45 145 225 197 12,7
M9 31,2 30 130 207 171 16,5

D6 luu dong cta hdn hop hé CKD gidam dan khi ham luong kiém ting 1én do lugng SiO2 c6
trong hdn hop 16n tao ra 4o quanh cao. Khi ham luong kiém M ting tir 1 dén 9% thi do chay loang
giam tir 309mm dén 207mm va do chay sutart giam tir 279mm dén 171mm. Diéu nay hoan toan hop
1y do két qua do d6 nhét ctia hdn hop hd CKD ciing ting 1én dang ké khi ham lugng kiém 16n.
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Hinh 5. Anh huong ham luong M* dén d6 nhét hd CKD
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Biéu d6 téc do ting d6 nhdt theo thoi gian cia cac cdp phdi c6 ham lwong kiém khac nhau
(hinh 5) cho thiy rang luong SiO, c6 trong hdn hop can du 1én dé dam bao phan tmg geopolimer

¢6 thé dién ra nhanh.

3.3. Anh huéng ciia mé dun kiém AM

Na,O

Cung v6i ham luong kiém M*, mé dun kiém: AM = 1a gia tri quan trong d¢é tinh toan

S10,
luong st dung dung NaOH bd sung tao méi truong thuan loi cho viée hoa tan va thiic day phan

ung tao geopolimer.

Bang 7. Anh hudng ctia md dun kiém AM dén tinh chat hdn hop hd CKD

. . . Tinh chét ciia hdn hop hé CKD
Ky hiéu cap phoi
N, %0 Thaak, phut Tktak, phut D, mm | Dy, mm P,, mPa.s
AM 0.75 28,8 75 210 267 238 9,6
AM 1.00 32,6 25 85 245 225 9,2
AM 1.25 33,5 30 100 282 255 6,0
AM 1.50 31,9 30 85 287 257 43

Tir két qua duoc trinh bay & bang 7, ta thiy rang twong ty nhu ham luong kiém (M") khi bién
thién chi s6 mo6 dun kiém, luong nudc tiéu chuan Ntc thay doi va dat gia tri 10n nhét khi
AM = 1,25. Thoi gian dong két ciia hdn hop CKD ciing ¢6 su thay d6i manh khi mé dun kiém
thay d6i. Khi AM tang tir 0,75 dén 1,0 ca thoi gian bat dau va thoi gian két thac dong két cia
CKD giam manh nhung khi tiép tuc ting AM 1én dén 1.5 thi mic d6 thay doi 1a khong dang ké.
Do luu dong cua hdn hop hd CKD ciing chiu anh hudng béi mé dun kiém AM tuy nhién khi
md dun kiém 16n hon gia tri AM = 1,25 thi d6 luu dong ctia hdn hop gan nhu khéng thay doi.
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Hinh 6. Anh huéng mé dun kiém dén do nhét ho CKD
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Tir két qua thi nghiém anh hudng cia mé dun kiém dén do nhét duoc trinh bay trong hinh 6
ta thiy rang khi ting ty 18 str dung NaOH hay ting mé dun kiém AM thi d6 nhét ban dau ciia hdn
hop CKD giam dang ké tir 9,6 xubng 4,3 P,, mPa.s khi AM tang tir 0,75 1én 1,5. Hon nita toc do
tang d6 nhdt cua miu cd chi s6 AM = 1,5 cling cham hon nhiéu miu c6 AM = 0,75. Do d6 dé

dam bao toc do phan ing geopolymer, mé dun kiém 1a mot dai luong can khdng ché.

3.4. Anh huéng ciia cac thanh phén vt liéu dén cwong dé cia CKD dic tai nhiét do phong

Cuong do kéo khi udn va cuong do nén cua CKD dugc xac dinh trén t6 mau gém 03 mau
vita tiéu chuan co kich thudc 40x40x160mm. Hon hop vira tiéu chuan c6 thanh phan bao gom:
tong lwong CKD = TB + SF + XLC la 450g, cat tiéu chuan 1a 1350g va ty 16 N/CKD bang 0,3.
Quy trinh ché tao mau dya trén co s6 TCVN 6016: 2011. Két qua thi nghiém cuong d6 ciia CKD
dugc trinh bay trong bang 8.

Bang 8. Anh hudng cta thanh phan vat liéu dén cuong d6 cia CKD

. , Cuong do cua CKD theo thoi gian, MPa
STT Ky hiéu cap phoi

Ru3 Ru28 Rn3 Rn28
1 TBO 4,90 8,37 31,80 47,50
2 TB 20 4,10 6,64 32,00 41,30
3 TB 40 4,10 6,36 22,90 36,30
4 TB 60 3,90 4,59 13,80 26,80
5 TB 80 0,00 0,00 0,80 2,70
6 TB 100 0,00 0,00 0,00 0,00
7 M"1 0,00 3,38 0,33 5,58
8 M"3 3,19 4,17 10,76 19,24
9 M"7 5,44 6,90 40,76 59,42
10 M'9 4,13 7,32 34,49 47,57
11 AM 0.75 2,41 3,25 12,25 24,12
12 AM 1.25 5,02 8,92 28,61 65,94
13 AM 1.50 6,35 8,77 39,06 57,58

Ty 1& sir dung tro bay thay thé xi 16 cao c6 anh hudng rét 16n téi cuong do ciia CKD. Ca Ru
va Rn ctia CKD déu giam dan theo sy tang 1én cia ty 1¢ sir dung tro bay va CKD.

Mo dun kiém AM anh huéng 16n d&én cuong do tiéu chuan cia CKD. Khi AM cang tang thi
ca cuong do nén va cudng do kéo khi uén ciia CKD cang tang. Tuy nhién khi ting mé dun kiém,
AM tu 0,75+1,25 thi cuong do tang dan, nhung khi AM tr 1,25+1,5 thi cuong d¢ lai c6 xu
hudng giam. Dicu nay ching t6 ton tai gia tri AM t6i uu trong khoang 1,0+1,25 thi cuong do cia
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CKD cho cuong do cao nhat. Viéc ting mé dun silic s& ting luong dung Na,O trong dung dich
kiém RHA. Cic ion 4m trong dung dich kiém hoat héa s& phan tmg v6i Ca®" hoa tan tir bé mit
cac hat xi va tro bay dé hinh thanh nén dang ciu tric C-S-H ban dau, lugng C-S-H bam trén bé
mit hat xi va tro bay cang day thi chat két dinh dong rin cang nhanh va cho cudng do cang cao,
két qua nay ciing phi hop voi nghién ctru caa Shi [8]. Tuy nhién, khi AM > 1,25 thi ham luong
Si0, trong dung dich kiém RHA lai ¢6 xu huéng giam manh nén da lam giam kha ning hoat hoa
va tao cuong do cho CKD. Do d6 gia tri AM ti uu ctia CKD xung quanh gia tri 1,25.

Khi ham lugng kiém M" ting thi & 28 ngdy, cudng do nén ciia CKD ting trong khoang
5,58-59,42 MPa va 3,38-7,32 MPa ddi v6i cudng do kéo khi udn. Viéc ting ham lugng kiém s&
lam tang luong chit hoat hoa Na,O va SiO, trong hdn hop CKD, tir d6 ting cudng qua trinh hoa
tan xi va tro bay ciing nhu kha niang hap phu cac ion hoa tan trén bé mit cta hat xi, hat tro bay.
Két qua nay ciing pht hop véi cac két qua nghién ctru di trude d6i voi hdn hop vira xi kiém [8].
Tuy nhién, khi M+ tang t61 9% thi cuong do nén cia CKD lai ¢6 xu hudng giam nhe do xay ra

hién tuong tach kiém (bé mat mau xuat hién nd hoa trang trén bé mat mau).

4. KET LUAN

Két qua nghién ctru cho thay c6 thé st dung dung dich silicat hoat hoa tir tro triu thay thé
hoan toan dung dich thily tinh 16ng thuong mai trong san xuat chat két dinh kiém hoat hoa.
Cuong d6 nén mau chit két dinh geopolimer duc trong didu kién phong thi nghiém sir dung chat
kich hoat kiém tir tro trdu sau 28 ngay c6 thé dat dén 65,94 MPa.

Pé tai da xac dinh dugc cac quy ludt anh huong cua thanh phan vat liéu dén mot so tinh chat
ctia chit két dinh kiém hoat hoa. Luong tro bay ting gdy giam cudng do, giam luong nudc tidu
chuén, ting thoi gian dong két va tinh cong tac cia hdn hop CKD; ham luong kiém M' va mé dun
kiém AM cén c6 ty 18 str dung hop 1y dé dat hiéu qua tot nhét cho phan timg geopolimer xay ra.

Nghién ctru tuy chua 1am rd vé vi cu trac chit két dinh kiém hoat héa bang cac phuong
phap héa 1y hién dai. Tuy nhién két qua nghién ctru ciia dé tai 1a du dé 1am co so két hop véi cac
cong nghé san xudt tién tién tir nudc ngoai va cac diéu kién thuc té ciia Viét Nam tir d6 xay dung
day chuyén cong nghé san xuit bé tong geopolimer cuong do cao dam bao yéu cau ky thuat va
thue té san xuit hién nay.

Hién nay cic tiéu chuan riéng dé danh gi4 tinh chat ciia hdn hop chét két dinh kiém hoat hoa
va bé tong geopolimer (kiém hoat héa) cuong do cao con chua diy di, can bo sung.
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NGHIEN CUU ANH HUONG CUA KICH THUOC MAU KHOAN
PEN CUONG PQ CHIU KEO KHI BUA CUA BE TONG

SIZE EFFECT OF CEMENT CONCRETE CORE
ON SPLITTING TENSILE STRENGTH

KS. Phan Céng Hau
Vién Khoa hoc cong nghé xay dung, Email: phanconghau94@gmail.com

TOM TAT: Cudng d6 chiu kéo khi bira ctia bé tong xi ming 1a mot trong nhiing chi tiéu quan trong
trong cong tac nghiém thu két ciu mit dudng giao cong. Thi nghiém cudng do chiu kéo cua bé tong bang
phwong phéap khoan rat 15i 1a mot trong nhitng phuong phap phd bién. Tuy nhién, phuong phap nay con
nhiéu han ché do nhitng quy dinh vé hé sb chuyén ddi cia mau khoan, cét tir cac cdu kién hodc san phém
v6i mau chudn con chua chit ché, din dén nhitng sai s6 trong qua trinh danh gia. Nghién ctru duogc thuc
hién trén cac mau co ti 18 chiéu dai trén duong kinh (H/D) 14 1,0; 1,2; 1,5; 1,7; 1,8; 2,0 dé dua ra cac hé sb
chuyén ddi va mdi quan hé giira cac yéu t6 dic trung. Két qua nghién ctru duoc c6 nhiéu ung dung phuc
vu trong qué trinh d4nh gi4 chit luong bé téng noi chung va cac két cu giao théng noi riéng.

TU KHOA: Cuong d6 chiu kéo khi bura, hiéu tng kich thude, hé sé chuyén doi.

ABSTRACT: Splitting tensile strength of cement concrete is one of the important items in the
acceptancing the surface of road structure. Using core to test the splitting tensile strength of concrete is
one of the popular methods. However, this method has many limitations because the regulations on
conversion coefficient of core samples to control samples are not strict, leading to errors in the
evaluation process. The study was carried out on samples with length to diameter (H/D) ratios of 1,0;
L2, 1,5; 1,7, 1,8; 2,0 to give the conversions coefficient and the relationship between the characteristic.
The research results have many applications in the process of assessing the quality of concrete in general
and traffic structures in particular.

KEYWORDS: splitting tensile strength, size effect, conversion factor.

1. PAT VAN DE

Cuong d6 chiu kéo ciia bé tong 1a mot trong nhiing dic tinh quan trong lién quan truc tiép
dén qua trinh pha huy cua vat liéu. Cuong do chiu kéo khi udn cia bé tong bao gém: kéo doc
truc, kéo khi udn va kéo khi bira. Giita cac cuong do chiu kéo déu c6 nhiing twong quan nhat
dinh. Cuong d¢ kéo doc tryc thuong dugc su dung trong qua trinh thiét ké két cAu bé tong cbt
thép (theo TCVN 5574:2018), v6i cac cong trinh giao thong cuong do chiu kéo khi udn dugc sir
dung 1a mot trong nhitng thong s6 thiét ké ban dau. Tuy nhién dé kiém tra cuong do chiu kéo cta
bé tong tai hién truong, phuong phap thi nghiém cuong do chiu kéo khi bura dugc lya chon do c6
tinh linh hoat, dé dang trong qua trinh thuc hién. Vi cudong d6 chiu nén, phuong phép thi
nghiém tiéu chuan da thiét 1ap duoc hé sé anh hudng cua kich thude hinh dang miu, nhung tiéu
chuin hién hanh chwa dé cap dén hé s6 chuyén ddi lién quan d&én hinh dang miu véi cudong do
chiu kéo khi bira. Diéu nay rat quan trong khi danh gid cuong do chiu kéo khi bira khong phai
trén mau chuan nhu truong hop thi nghiém trén cac mau khoan tir két ciu cong trinh. Hién nay,
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mot trong nhitng phuong phap phd bién dé xac dinh cudng do chiu kéo cua két cdu bé tong 1a
khoan 14y mau tai hién trudng. Tuy nhién, viéc danh gia chinh xac két qua ctia phuong phap nay
con nhiéu han ché do nhitng quy dinh vé hé sé quy ddi gitra mau khoan tir cac céu kién véi miu
tiéu chuan con chua chit ché, din dén nhiing sai s6 trong qua trinh danh gia. Thi nghiém cudng
dd chiu kéo khi bua cua bé tong 1a mot phép do cu thé vé cuong do chiu kéo cua bé tong, dac
biét phuc vu trong qua trinh danh gia chét lugng két cau bé tong trong giao thong. Trong phuong
phap nay, mot mau hinh tru bé tong duoc dit giita cic thét nén ciia may thir sao cho chiéu cao
ctia mau hinh tru song song védi thét nén ciia may thir. Tai trong nén duoc dit 1én mau thir cho
dén khi xay ra pha huy bang cach tach mau doc theo miat phang dudng kinh cta hinh tru [1].
Cuong do chiu kéo khi btra 1a dac tinh quan trong cua bé tong, quyét dinh tinh chét chiu tai cta
két cAu bé tong va thudong duoc ldy lam thong sb thiét ké [4]. Trong két cdu bé tong qué trinh
hinh thanh va lan truyén vét nat trén bé mit phu thudc vao cudng do chiu kéo va dic diém vét
nut cua bé tong [2]. Trong hau hét cac truong hop, cdu kién bé tong bi suy giam kha ning lam
viéc sau khi hinh thanh vét nit. Do d6, viée du doan, danh gia chinh xac cuong dd chiu kéo cua
bé tong v6i do chinh xac hop 1y 1a rat quan trong. C6 nhiéu yéu t6 anh hudng dén tinh chat cta
cuong do chiu kéo khi bua nhu kich thuée mau khoan thi nghiém, loai cdt licu st dung trong cép
phéi, ty 18 nude/xi ming, diéu kién bao dudng... Trén thé gidi dd co nhiéu nghién ciru phan tich vé
cuong do chiu kéo cua bé tong, cac nghién ctru cho thiy rang kich thudc mau khoan 1a mot trong
nhitng yéu t6 quan trong anh hudong dén cuong do chiu kéo khi bira ctia bé tong xi ming [7].
Khi bé téng dugc st dung trong vat liéu két cau, thiét ké khong Gmg suat kéo 1a mot quy tic va
cac nghién ctru it khi dé cap dén tng xir kéo ctia bé tong so v&i nén [10]. Hién nay, cac két cAu
16n nhu cau, ham, dap duoc xay dung cling han ché thiét ké chiu kéo d6i véi bé tong. Cuong do
chiu kéo ctia bé téng thap hon rat nhidu so voi cuong d6 chiu nén ft < £¢/10. Pha hity nén cua bé
tong vé ban chat 1a mot hién tuong kéo. Bé tong c6 do bén kéo thap, pha hily ché d6 I (dang pha
huy kéo) s& thuong xuyén chiém wu thé, trir khi dwoc ting cudng thép, soi thém vio bé tong.
Trong hau hét cac truong hop, pha huy téng thé ludén bit dau va phat trién tir pha huy kéo. Qua
trinh pha hity ctia bé tong dugc xac dinh tir nhiéu thi nghiém va mé phong sé & mirc do cau tric
ctia bé tong, qua trinh pha huy trong bé tong thuong duge chia thanh bén giai doan, bao gom:
giai doan dan hoi, giai doan nut vi mo, giai doan nut vi mo, giai doan bic cau cac bé mit nit. Do
¢ nhiéu khé khan lién quan dén thir nghiém lyc kéo truc tiép, mot sé phuong phap gian tiép da
dugc phat trién dé xac dinh do bén kéo. Noi chung, trong cac thir nghiém nay, luc nén duogc tac
dung 1én méu bé tong sao cho miu thir khong bi hong do tng suét kéo phat trién trong mau. Ung
suat kéo tai 6 xay ra su ¢ duoc goi la cudng do kéo ctia bé tong. Cac thir nghiém tach, bua 1a
cac tht nghiém gian tiép duoc biét dén nhiéu duge st dung dé xac dinh cuong do kéo cua bé
tong doi khi dugce goi 1a cuong do kéo dut cia bé tong.

Hién nay, ¢ Viét Nam viéc nghién ctlru cac yéu t6 anh huodng dén cuong do chiu kéo khi bira
ctia mau khoan tir cac két cdu bang bé tong van con han ché. Chua c6 nhiéu nghién ctru chuyén
sau vé hé s6 chuyén ddi giita mau khoan véi miu tiéu chuan gay ra nhiing can trg, kho khin
trong qué trinh d4nh gi4, nghiém thu chat luong cong trinh. Bai bao nay tip trung vao lam rd yéu
t6 anh huong cua kich thude mau dén cuong do chiu kéo khi bira cia mau khoan, dong thoi dua
ra nhitng két qua du doan vé hé sé chuyén doi mau ctia mau khoan so voi mau tiéu chuan.
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2. VAT LIEU VA PHUONG PHAP THi NGHIEM

Trong nghién ctru da st dung xi mang pooc lang PC40 cua Nha may Xi mang But Son cé
khéi lugng riéng bang 3,1 g/em?, luong nude tiéu chuan 31%, thoi gian bat dau dong két 135
phiit, thoi gian két thic dong két 195 phut va cuong do chiu nén & 3 ngay va 28 ngay tudi tuong
{rmg bang 33,5 MPa va 50,7 MPa.

Hai loai c6t liéu nho 1a cat vang (ngudn Soéng L6) c6 dun do 16n 1a 1,8 va cat nghién c6 mo dun
d6 16n 13 2,9, cac tinh chit cta cbt liéu nho déu thoa man yéu cau ki thuat theo TCVN 7572:2006.

C6t liéu 16n 1a da dam co khéi luong thé tich kho bang 2,73 g/em?, khdi luong thé tich xdp
1440 kg/m?3, d nén dap 11%, ham lugng hat thoi det 10%.

Phu gia khoang dugc sir dung 1a tro bay cia Nha mdy dién Pha Lai c6 ham lugng MKN la
1,51% va chi sb hoat tinh cuong do d6i voi xi ming sau 28 ngdy so véi mau ddi chimg dat 91,6%.

Phu gia hoa hoc st dung trong nghién ctru 1a SPR3000 ctia Cong ty Silkroad day la phu gia
thudc nhoém phu gia gidm nudc tim cao, v6i kha niang giam nude dén 15%.

Nghién ctru cac anh huong cua kich thudce mau khoan dén cuong do kéo dugc thyuc hién trén
mAu tiéu chuan cua 2 cap phdi bé tong M1 va M2. Cip phdi duoc trinh bay tai bang 2.1. Pi tién
hanh d6 2 mau bé tong kich thudc 16n vai kich thude 1000x1000x1000mm, duge dam bang dam
rung. Sau d6 tién hanh khoan cic méu theo cac duong kinh D lan luot 1a 150mm, 102mm,
83mm, 75mm. Cac mau khoan duoc ldy ¢ tudi 21 ngay véi 1 t6 3 vién miu, bao dudng trong
diéu kién tiéu chudn dén 28 ngay va duoc nén dong thoi cung véi mau duc theo tiéu chuan. Cac
mau sau khi khoan co duong kinh thyc té tuong tng 1an luot 1a 142mm, 94mm, 75mm va 67mm,
sau d6 mau duoc gia cong theo cac ty 16 H/D bﬁng 1;1,2;1,5;1,7; 1,8 va 2,0.

Dé thiét 1ap gia tri hé sé chuyén ddi mau, nghién ctru di sir dung 06 cip to miu co kich
thudc tiéu chudn va khac chuén.

Bang 1. Cap phdi thi nghiém

Xi | T Cé = lcleu s Cuong do iﬁ%ﬁéﬁé
Tén mau mérllg b:;;)/ Véitg ngheil:‘%n Padam | Nuéc |Phygia| chiunén | 0
kg kg kg kg kg kg lit MPa MPa
M1 303 130 563 215 979 178 3,5 45,3 5,0
M2 302 129 560 214 979 165 3,4 50,4 5,4

Phuong phép thi nghiém sir dung trong nghién ctru 1a cdc phuong phdp quy dinh trong ti€u
chuan quéc gia TCVN va tham khio cic tiéu chuan nudc ngoai lién quan. Viéc thi nghiém
cuong do chiu kéo khi bira tién hanh theo BS EN 12390-6:2009, thiét 1ap hé s6 chuyén doi gitra
mau khoan va mdu tiéu chuan dugc tién hanh theo tiéu chuan GOST 10180-2012. Céc thi
nghiém duoc thyc hién tai Vién CN Bé tong - Vién KHCN Xay dung.
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Hinh 1. Qua trinh khoan va gia cong mau

3. KET QUA NGHIEN CUU VA BAN LUAN
3.1. Nghién ciru anh hwéng ciia kich thwée dén cwong dd chiu kéo khi bira ciia miu khoan

Cuong d6 chiu kéo khi bira ctia mau khoan duoc trinh bay theo bang 3.1.

Bing 2. Cudng d6 chiu kéo khi bira ciia mau khoan

Tén Sép Puong kinh miu, (mm) Cuong do kéo khi bira, MPa véi ty 16 H/D

phoi 1,0 1,2 1,5 1,7 1,8 2,0
142 5,72 5,32 5,30 5,04 4,92 4,63
Ml 94 5,77 531 5,30 5,02 4,98 4,65
75 5,84 5,33 5,32 5,01 4,94 4,64
67 5,72 534 5,29 5,05 5,02 4,70
142 6,07 5,80 5,64 531 5,15 4,98
o 94 5,84 5,83 5,62 5,36 5,15 4,93
75 6,13 5,79 5,62 523 5,13 4,85
67 6,15 5,99 5,60 5,47 5,17 4,94

7.00

6.50

6.00

5.50 \'ﬂn_‘
500 S
4.50 y=0.0027x%2- 0.2162x -+ 5.871

R*=0.959

4.00

3.50

3.00

H/D=-1H/D=1,H/D=1,5/D=1,H/D=1,8/D=2,0

——D14? —8—D94 —— D75 —+—D67

Hinh 2. Cudng d6 chiu kéo khi bira cta cip phdi M1
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Hinh 3. Cudng d6 chiu kéo khi bira ctia cAp phbi M2

Két qua thu duoc cho thiy cudng do chiu kéo khi bira cia mdu M1 ¢ ty 16 H/D = 1 dao dong
tr 5,72 MPa dén 5,84 MPa, véi mau M2 cuong dé dao dong tur 5,84 MPa dén 6,07 MPa. Tuong
tu voi cac ty 18 H/D con lai, cudng do giita cac mau & 2 cap phdi khong c6 sy chénh 1éch nhiéu,
dic biét tai ty 16 H/D = 1,5 cudng d6 dao dong & mau M1 tir 5,29 dén 5,32 va & mau M2 tir
5,60 dén 5,64.

Khi ty 1¢ H/D tang dan tir 1,2; 1,5; 1,7; 1,8 va 2,0 cudng do chiu kéo khi bira ¢6 xu hudng
giam dan & cac miu c6 duong kinh khac nhau. Cu thé & cdp phdi M1, véi mau c6 duong kinh
142mm cuong d6 giam dan tir 5,72 MPa xubng 4,63 MPa tuong tng véi ty 18 H/D = 1 va H/D = 2.
Tuong ty v6i cap phdi M2, miu c¢6 duong kinh 72mm cé xu hudng giam tir 6,13 MPa tai ty 1¢
H/D = 1 xudng 4,85 MPa tai ty 16 H/D = 2. Diéu nay c6 thé 1y giai nhu sau dién tich ving chiu
kéo khi bira ctia cac mau 1a chiéu doc theo mit phang dudng kinh cta hinh tru vi vy khi ty 1¢
H/D tang Ién thi dién tich ving pha huy 16n hon dan dén cuong do suy giam, nguoc lai khi ty 16
H/D nhé viing pha huy ctia mau giam la cuong do ciia mau ting lén.

3.2. Nghién ciru h¢ s6 chuyén doi cwdng dd chiu kéo khi bira ciia miu khoan véi miu dic
tiéu chuan

Trén co so cac két qua thu dugc tir mau khoan theo bang 3, tién hanh danh gia hé s6 chuyén
d6i mau can cir dya theo tidu chuan GOST 10180-2012. Cac hé s chuyén ddi va do léch chuan
duoc trinh bay theo bang 3.2.

Bang 3. Hé s6 chuyén d6i mau gilta mau khoan va mau duc tiéu chuan D150xH300mm

Tén cap Puong kinh miu, Cuong do kéo khi bira, MPa véi ty 1€ H/D
phoi (mm) 1,0 1,2 1,5 1,7 1,8 2,0
142 0,87 | 094 0,94 0,99 1,01 1,08
M1 94 0,86 | 0,94 0,94 0,99 1,00 1,07
75 0,85 | 094 0,94 1,00 1,01 1,08
67 0,87 | 093 0,94 0,99 0,99 1,06
Trung binh 0,87 | 094 0,94 0,99 1,01 1,07
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Bang 3. (tiép theo)

Tenchp |  Puong kinh miu, Cudng do kéo khi bira, MPa véi ty 18 H/D
phoi (mm) 1,0 1,2 1,5 1,7 1,8 2,0
142 0,88 | 093 0,95 1,01 1,04 1,08
94 0,92 | 092 0,96 1,00 1,04 1,09
M2 75 0,88 | 0,93 0,96 1,03 1,05 1,11
67 0,87 | 090 0,96 0,98 1,04 1,09
Trung binh 0,89 | 092 0,96 1,01 1,04 1,09

Bang 4. D 1éch chuan cia twong quan gitta cuong dd mau khoan va mau duc ti€u chuan

Tén S.ép Puong kinh miu.(mm) Cuong do kéo khi btra, MPa véi ty 1€ H/D
phoi 1,0 1,2 1,5 1,7 1,8 2,0
142 0,04 | 0,02 0,01 0,01 0,02 0,05
Ml 94 0,05 | 0,01 0,01 0,01 0,01 0,05
75 0,05 | 0,01 0,01 0,01 0,02 0,05
67 0,04 | 0,01 0,01 0,01 0,01 0,04
142 0,04 | 0,03 0,01 0,01 0,03 0,04
M2 94 0,03 | 0,03 0,01 0,01 0,02 0,05
75 0,05 | 0,03 0,02 0,02 0,03 0,05
67 0,03 | 0,02 0,00 0,02 0,04 0,05

Gia tri hé s6 chuyén ddi mau dugc thiét 1ap tr cuong do chiu kéo khi bira ctia mau khoan va
mau ddi chung cho théy mau co ty 1¢ H/D lan luot 12 1,2; 1,5; 1,7; 2,0 cho gia tri hé $6 chuyén
d6i mau trung binh giira 2 cip phdi tvong dwong nhau. Thay d6i duong kinh mau khéng co
nhiéu anh huong dén cuong do chiu kéo khi bira cia mau khoan ma ty 18 H/D 1a yéu té anh
hudng manh mé dén cuong do chiu kéo khi bira.

Gi4 tri trung binh cta hé s6 chuyén doi c6 xu hudng tang dan theo chiéu tang cua ty 1¢ H/D &
tat ca cac duong kinh mau. Cu thé & mau M1 gié tri chuyén d6i mau tang dan tir 0,87 tuong Ung
6ty 16 H/D = 1 1én 1,07 tuong (mg voi ty 18 H/D = 2, twong tu véi mau M2 gia tri ting dan tir
0,89 1én 1,05. Piéu nay cho thdy c6 mdi twong quan chit ché giita hé sb chuyén doi vai ty 16 H/D
cia mau.

Diéu nay c6 thé 1y giai nhu sau cac mau khoan c6 dudng kinh khéc nhau thi ty 18 duong dit
luc va chiéu cao miu 1a khong ddi, tuy nhién ving pha huy bao gdm ving chiu nén va kéo ting
1én khi chidu dai miu ting 1én. Piéu d6 din dén cudng do cua mau cé ty 16 H/D cao s& giam so

v6i méu co ty 18 H/D thép hon.
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Tir cac két qua trén, c6 thé tham khao sir dung cac hé s6 chuyén doi cuong do tir mau khoan
vé mau chuan D150xH300 mm vd&i ty 18 H/D nhu trong nghién ciru phuc vu qua trinh thi nghiém

nhu bang sau:

Bang 5. Hé s6 chuyén ddi gitta mau khoan va méu tiéu duc tiéu chuan D150xH300mm

Til¢ H/D
1,0 1,2 1,5 1,7 2,0
0,88 0,93 0,95 0,99 1,08

4. KET LUAN VA KIEN NGHI

- Cuodng d6 chiu kéo khi bira khong bi anh huéng bai duong kinh ciia mau khoan.

- Vé6i cing mot duong kinh, khi ting ty 18 H/D thi cudng do chiu kéo khi bira cia mau khoan
c6 xu hudng giam.

- Nén luya chon cac éng khoan c¢6 duong kinh 150mm, 102mm, 83mm dé khoan léy mau sé
cho d9 tin cay vé két qua cudng do6 chiu kéo khi bira t6t hon so véi cac dng khoan c6 dudng kinh
nhé hon.

- Dua trén két qua thir nghiém, nhom tac gia dé xuat bang hé sé chuyén doi mau ddi véi mau
khoan co ty 1€ H/D 1a 1,0; 1,2;1,5;1,7;2,0 lan luot 12 0,93; 0,95; 0,99; 1,08.

- Kién nghi tién hanh mot nghién ctru tuong tu véi sd lugng 16n hon cac hdn hop bé tong
khac nhau dé xac dinh anh hudng ciia cac thanh phan va dic tinh cta hdn hop bé tong két qua
cuong do chiu kéo khi bra.

- Can c6 cac thir nghiém sau hon dé xac dinh chinh xac hé s6 chuyén ddi gitra mau khoan va
mau tiéu chuin d6i véi céac ty 1€ H/D khéc vdi cac méc bé tong khac nhau va tai cac vi tri khoan

khéc nhau trén cung mdt két cau.
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NGHIEN CUU CHE TAO VUA KHONG CO CUONG PO CAO
DUNG NEO CHAN CQT, MONG TUABIN BPIEN GIO

RESEARCH PRODUCTION OF HIGH STRENGTH NON-SHRINK
GROUT FOR ANCHORING PILLAR BASE,
TURBINE FOUNDATION OF WIND ELECTRICITY

ThS. Lé Thuan An', ThS. Poan Thi Thu Lwong
'2Vién Khoa hoc cong nghé xay dung, Email: thuanan82@gmail.com, doanluong.dhxd@gmail.com

TOM TAT: Hién nay, nén kinh té Viét Nam dang ting truéng manh mé&, déng nghia nhu cau sir dung
ning luong ciia nguoi dan ngdy cang ting cao. Trong vong 20 nim trd lai ddy, téc d6 ting trung binh cua
san pham dién nang dat mirc 12-13%/nam, gip hai lan téc d6 ting trudng GDP cua nén kinh té. Mot trong
nhitng ngudn niang luong dang dwoc Chinh phii quan tAm dau tu va sir dung 1a niang lugng gi6. Cac nha
may Dién gio duoc xay dung nhiéu trong nhitng nim gan day. Mot trong nhitng hang muc quan trong ctia
nha may Dién gi6 1a may phat dién tuabin gi6. Viéc lap dit tuabin dién gié yéu cau rat khat khe vé chat
lwong vat tu st dung. Bai bao nay trinh bay két qua nghién ctru ché tao vita khong co cudng do cao neo
chan cdt, mong tuabin dién gio.

TU KHOA: Dién gid, tuabin dién gid, vita neo méng tuabin dién gid, vira khong co, vira cudng do cao.

ABSTRACT: Currently, Vietnam's economy is growing strongly, which means that people's demand for
energy is increasing. Over the past 20 years, the average growth rate of electricity products has reached
12-13% per year, twice the GDP growth rate of the economy. One of the energy sources that the
Government is interested in investing and using is wind energy. Wind electricity plants have been built a
lot in recent years. One of the important items of a wind electricity plant is a wind turbine generator. The
installation of wind electricity turbine is very demanding on the quality of materials used. This paper
presents the results of research production of high strength non-shrink grout for anchoring pillar base,
turbine foundation of wind electricity.

KEYWORDS: Wind electricity, wind electricity turbine, grout for anchoring wind electricity turbine
foundation, non-shrink grout, high strength grout.

1. PAT VAN PE

Nén kinh té Viét Nam dang tiang truong manh mé, dong nghia véi viéc nhu cau st dung
ning luong cta ngudi dan ngdy cang ting cao. Ping trudc nguy co cic ngudn nhién lidu ngay
cang can kiét, Chinh phu Viét Nam quyét dinh str dung va thiic day phat trién ngudn ning luong
tai tao nhiéu hon nira, trong d6 c6 ning luong gio.

Viét Nam nam trong ving khi hau nhiét d6i gié mua, co duong bd bién trai dai hon 3.000
km, vi vy tiém ning phat trién ning luong gio tai Viét Nam v cung 16n.

Theo danh gi4 ciia Ngan hang Thé gi6i, Viét Nam 1 nudc c6 tiém nam gié 16n nhét trong
bdn nude cua khu vue, véi hon 39% téng dién tich cua Viét Nam dugc uée tinh 1a co tde do gio

trung binh hang nim 16n hon 6m/s & d6 cao 65m, trong dwong cong suit 512 GW.
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Bang 1. Tiém ning gi6 ctia Viét Nam ¢ d6 cao 65m

F{ﬁfﬂgébiilﬁ Thép < 6m/s Trg_r;igisnh Tuo;l-gggsis €40 | a0 8-9m/s | Rét cao > 9m/s
Dién tich (km?) 197.242 100.367 25.679 2.178 111
Ty 1€ dién tich (%) 60,6 30,8 7,9 0,7 >0
Tiém ning (MW) - 401.444 102.716 8.748 482

Hién nay, trén ca nudc co gan 50 du an vé dién gié dang ky véi tong cong suat gan 500 MW.
Tuy nhién, cac du an da di vao van hanh con chua nhiéu, chi co bay du an dang van hanh voi
téng cong sudt 190 MW. Tiéu biéu c6 thé ké dén cac du an Tuy Phong - Binh Thuan, Phu Lac,
Bac Liéu, Pam Nai, ... S6 con lai dang trién khai kha cham hodc roi vao giai doan khé khin cua
viéc tim nha dau tu.

Dién gi6 v6i “tiém niang 16n” chua thu hut cac nha dau tu ca trong va ngoai nude. Thong qua
cc cude hoi thao, ban luan, nhiéu 1y do dugc dua ra tap trung vao cac quyét dinh hanh chinh,
chinh sach uu dai, nguén von, ha téng... Trong Kkét qua tinh cua Quy hoach di¢n 8, du kién dén
nam 2030 s€ c6 khoang 19,5 GW dién gid, trong khi hién nay méi chi c6 400 MW.

Ngoai nhitng thach thirc néu trén, dién gid ngoai khoi ciing dang 1a mot thach thic 16n ddi
v6i nganh nang luong Viét Nam, khi cac nudc trén thé gidi dang chay dua lip dat véi nhiéu diac
diém wu viét, loi ich. O Viét Nam, dién gi6 ngoai khoi van duoc coi la cong ngh¢ mai, khi trién
khai chic chin s& gdp nhidu van dé vé cong nghé ciing nhu chi phi phat trién.

Pién gié duoc xem 1a ngudn ning lugng sach vi khong tao ra phat thai cac loai khi gy hiéu
{rmg nha kinh. Tuy nhién trong thuc té, dé phat trién ngudn ning luong sach nay ¢ Viét Nam van
dang 12 mot thach thic kha 10n di v6i Nha nude, ciing nhu cac doanh nghiép.

B6 phén chinh ctia nha may Dién gi6 1a tuabin dién gi6. Tuabin dién gi6 1a mot thiét bi co
khi ciu tao khong qua phuc tap, hoat dong theo mdt nguyén ly rat don gian. Muon stc gio dé
chuyén dbi dong ning thanh co ning va tiép tuc chuyén doi thanh dién ning. Ning luong cia
gi6 lam cho 2 hodc 3 canh quat quay quanh 1 rotor. Ma rotor duoc ndi voi truc chinh va truc
chinh s& truyén dong lam quay truc quay may phat dé tao ra dién. Cac tuabin gi6 dugc dit trén
tru cao dé thu hau hét ning luong gio.

Tuabin gi6 c6 thé dit trén cc canh dong rong 16n vi cac canh quat phai dwoc trai rong dé
dam bao dugc lugng gi6é hap thu va cach xa khu dan cu. Cac tuabin dugc dat ngoai khoi stc gié
s& t6i uu hon nhung chi phi xdy dung va bao tri cao hon dang ké. Ty 18 san sinh ra dién cua
tuabin s€ thuan véi ty 1€ do 16n cua canh quat. Canh quat cang 16n thi kha ning san sinh dién va
phat huy tac dung cta tuabin dién gid cang cao. Tuabin gi6 duwgc dit trén tru cao dé don ning
luong gi6 gitp toc do quay nhanh hon va it bi cac ludng gié bat thuong:

- Khi ¢ gid, chuyén dong sé tac dong luc, ddy cho canh quat quay va doc theo truc cia
tuabin. Do 1a phﬁn luc co hoc ma cénh quat tao ra.

- Tir d6, cac bod phan chuyén dong khac ctua dong co may phat dién s& quay khi két ndi véi
truc cua tuabin. Pay chinh 1a co ché tao ra nang lugng tai tao.
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Trong thi cong tuabin dién gi6, phan mong 1a két ciu bé tong cbt thép khdi 1on db tai chd.
Nha thau thuc hién cac bién phap can thiét dé ha nhiét khbi d, han ché chénh 1éch nhiét do trong
10ng va bén ngoai khdi dd6 nham han ché nut bé tong. Tuabin duoc lip dit vao mong qua hé
théng bu 16ng neo chan cot, méng. Pay 1a qua trinh khé khan, phirc tap, doi hoi d6 chinh xac cao
va yéu cau khét khe vé chat luong vat tu st dung. Vat liéu quan trong phuc vu cong tac neo chan
cot, mong tuabin dién giod 14 san pham vita khong co cuong do cao.

Céc du an dién gi6 c6 yéu ciu ky thuat cu thé vé san phém vita neo. Mot du an c6 thé dé cap
& day 1a Pién gié Pic Nong Viét Nam 300 MW, yéu cau vira neo nhu sau:

- B§ chay xoe cao: > 31 cm.

- Khong co ngoét, khong tach nudce.

- B gian nd: 0,1 + 3,5%.

- Cudng do nén cao: cuong do nén tudi 28 ngay > 110 MPa.

Trong bai bao nay, Vién Chuyén nganh Bé tong trinh bay két qua nghién ciru ché tao vira
khong co cudng do cao ding neo chan codt, mong tuabin dién gié dép tmg nhimng yéu cau ky
thuat trén.

2. VAT LIEU VA PHUONG PHAP THi NGHIEM

Vit liéu dung trong nghién ctru bao gdm xi ming, phu gia khoang hoat tinh, phu gia né, phu
gia siéu déo, phu gia duy tri d6 linh dong, cat. Chat luong vita phu thudc vao chit luong céac
thanh phan vat liéu dau vao.

2.1. Xi mang

Nghién ciru st dung xi mang PCB40 Nghi Son. Tinh chat co 1y ctia xi midng PCB40 Nghi

Son duogc trinh bay trong Bang 2.

Bang 2. Tinh chit co 1y ctia xi ming

STT Chi tiéu thi nghiém DPon vi Két qua Phuong phap thu
1 |Khdi luong riéng g/cm? 3,05 TCVN 4030:2003
2 |Bémat riéng cm?/g 3.890 TCVN 4030:2003
3 |Luong sot trén sang 0,09 mm % 1,5 TCVN 4030:2003
4 | Do déo tiéu chuan % 29,0 TCVN 6017:2015
Thoi gian dong két

5 |-Batdau phut 130 TCVN 6017:2015
- Két thuc phut 205

6 | Do on dinh thé tich mm 1,0 TCVN 6017:2015
Do bén ubn

7 |73ney N/mmz t TCVN 6016:2011
- 7 ngay N/mm 8,3
- 28 ngay N/mm?* 9,1
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Bang 2. (tiép theo)

STT Chi tiéu thi nghiém DPon vi Két qua Phuong phap thu
Do bén nén
- 3 ngay N/mm? 32,9
8 5 TCVN 6016:2011
- 7 ngay N/mm 44,5
- 28 ngay N/mm? 51,0

2.2. Phu gia khoang hoat tinh

Nghién ctru st dung hai loai phu gia khoang hoat tinh 1a tro bay va silica fume. Luong dung
phu gia khoang hoat tinh c6 thé dao dong tir 5 + 15% khdi luong xi mang, tuy theo cuong do va
tinh cong tac yéu cau, tham chi c6 thé nén dén trén 30% khi can thiét.

Silica fume co6 tac dung kép vé mat vat Iy va mat hoéa hoc. N6 c6 kha nang xam nhap vao
moi khoang hd giita cac hat xi mang, 1am ting do dic chéc, ting kha ning chéng thadm nudc.
Silica fume c6 hoat tinh puzolan cao, khi phan tng hoa hoc véi hydroxit canxi tao thanh gel
hydrosilicat canxi, 1am ting cuong d6 va do dic chic cia vira. Luong nude yéu ciu ting khi ting
lugng dung silica fume, nhu vdy véi ham lugng st dung nho s€ thuan lgi cho viéc giam ty 1¢
N/CKD, thuc day viéc ting cuong do, cai thién tinh cong tac. Dic biét silica fume c6 kha ning
thiic day téc d phat trién cuong do ¢ tudi som ngay (3 + 7 ngay), nhung sau 28 ngay toc do phat
trién cuong do cham hon.

Str dung tro bay cta nha méay Nhiét dién Pha Lai va silica fume cua hang Elkem - Na Uy.
Tinh chit co 1y cta tro bay duoc trinh bay trong Bang 3, thanh phan héa hoc cua tro bay duoc
trinh bay trong Bang 4. Tinh chat co 1y cua silica fume dugc trinh bay trong Bang 5.

Bang 3. Tinh chit co Iy ciia tro bay

STT Chi ti€u thi nghiém Pon vi Két qua Phuong phép thu
1 |Po 4m ty nhién % 0,5 TCVN 10302:2014
2 |Khéi lugng thé tich xbp kg/m’ 900 TCVN 6882:2016
3 |Khbi lugng riéng g/cm’ 2,20 TCVN 4030:2003

Chi s6 hoat tinh
4 |-7ngay % 84,9 TCVN 10302:2014
- 28 ngay % 93,8
Bang 4. Thanh phan hoa hoc (% theo khéi lwong) cua tro bay
Si0, ALO; | Fe0; | NayO K,0 CaO TiO, Khéc MKN
58,72 24,06 7,03 0,65 0,56 3,50 0,42 2,47 2,59
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Bang 5. Tinh chit co 1y cua silica fume

STT Chi tiéu thi nghi¢m Ponvi | Kétqua | Phwong phép thir
1 |D6 am ty nhién % 0,85 TCVN 141:2008
) Chi so hc;at tlBh Cl}’O‘ng dd tudi 7 ngay véi xi mang % 115 TCVN 8827:2011

so v&1 mau doi chung
3 |Ham lugng SiO, % 90,00 | TCVN 7131:2002

2.3. Phu gia siéu déo

Pé nang cao cuong do thi mot trong cac giai phap duoc thuc hién 13 giam ty 16 N/CKD,
nhiam dam bao han ché vé mat kinh té twong tng v6i né 1 bién phap giam nhu cau can nudc s&
pht hop hon viée ting ham luong chat két dinh trong bé tong. Trong ché tao vira ty chay khong
co cudng do cao, viée sir dung phu gia héa hoc 1a can thiét.

Phu gia siéu déo dugc dua vao hé xi ming poocling nham diéu chinh mot hodc nhiéu tinh
chat ciia vat lidu & giai doan trudc khi dong rin ciing nhu sau khi déng ran ma ban chét co ban
ctia nd 14 su tuong tac gitra phu gia hoa hoc va chat két dinh xi mang.

Nghién ctru sir dung phu gia siéu déo giam nudc tdm cao dang bot gc Polycarboxylate
Melflux 2641F ctia haing BASF - Dtic, ¢6 khd ning gidm nudc nhio tron trong hon hop téi
40 + 45%. Viéc sir dung phu gia siéu déo lam ting cuong do, ting d6 dic chic va tinh dong nhat
nén hdn hop bé tong co do co thap.

2.4. Phu gia né

Trong qué trinh thuy hoa dong ran vita co sy thay doi thé tich. Sau mot thoi gian ngén tinh tir
lac nhao trén véi nude, thé tich hdn hop bé tong bi co lai do bay hoi nude va sy xich lai gén
nhau ctia cac san pham thily hoa. Bé khic phuc hién tuong co ngot, ting do chdng thim, phu gia
né duoc tron thém vao thanh phﬁn xi mang. Hi¢u ung dan nd c6 dugce 1a do sy tao thanh phase
ettringite trong d4 xi mang tir phase sulphate aluminate calcium 3(Ca0.Al,03).CaSO4 cua phu
gia va cac thanh phan khac trong hé xi ming nudc.

Nghién ctru sir dung phu gia nd tong hop EX-10 cia Vién Chuyén nganh Bé téng. Tinh chat
co 1y cua phu gia n¢ dugc trinh bay trong Bang 6.

Bang 6. Tinh chét co 1y cta phu gia nd

STT Chi ti€u thi nghiém Ponvi | Két qua Phuong phép thu
1 |Luong sot sang 90 um % 5,8 TCVN 4030:2003
Do no dai thanh vira c6 phu gia nd
% 0,075
2 |- 7 ngay ASTM C157M-08
% 0,081
- 28 ngay
3 | D0 no dai thanh vita & 28 ngay so vé1 & 7 ngay| % 111 ASTM C157M-08
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2.5. Phu gia duy tri d¢ linh dong

Phu gia duy tri d6 linh dong dugc st dung véi muc dich 1a 6n dinh do linh dong cua hdn hop
vira trong thoi gian cong tac, chong hién tugng tach nudc, phan tang.

Nghién ctru str dung phu gia duy tri do linh dong Axilat ciia hang Synthomer - Anh. Pay 1a san
pham dang bot min c6 mau trang, dugc san xuat bang cach bién tinh tinh bot nhd phan ung thuy

phan, hoic phuong phap chuyén hoa enzim.

2.6. Cot liéu

C4t liéu st dung trong nghién ciru 1a cat trang min c6 ¢& hat 16n nhat 0,315 + 0,63 va cat loc
min ¢6 ¢& hat 16n nhat 0,315 + 0,63.

Céc chi tiéu co 1y cua cat dat yéu cdu theo TCVN 7570:2006 C6t liéu cho bé tong va vira -
Yéu cau k¥ thuat.

2.7. Phwong phap nghién ctru

- Phuong phép xac dinh céc chi tiéu co ly cia xi mang:

+ TCVN 6260:2009 Xi ming podc lang hdn hop - Yéu cau ky thuat.

+ TCVN 6016:2011 Xi mang - Phuong phap thir - Xéac dinh cuong do.

+ TCVN 6017:2015 Xi méng - Phuong phap x4c dinh thoi gian dong két va d6 6n dinh thé tich.

- Phuong phép xac dinh céc chi tiéu co ly cia tro bay:

+ TCVN 6882:2016 Phu gia khodng cho xi mang.

+ TCVN 10302:2014 Phu gia hoat tinh tro bay dung cho bé tong, vira xay va xi mang

- Phuong phép xac dinh céc chi tiéu co ly cua silicafume:

+ TCVN 8827:2011 Phu gia khoang hoat tinh cao dung cho bé tong va vira - Silicafume va
tro trau nghién min

- Phuong phap xac dinh céc chi tiéu co 1y cua cbt licu:

+ TCVN 7570:2006 Cbt liéu cho bé tong va vira - Yéu cau ky thuat.

+ TCVN 7572:2006 Cét lidu cho bé tong va vita - Phuong phap thir.

- Phuwong phap xac dinh céc tinh chat ctia vira va hdn hop vita tu chay khong co:

+ TCVN 9204:2012 Vira xi mang kho tron san khong co.

+ ASTM (C940-10a Standard test method for Expansion and bleeding of Freshly mixed
grouts for preplaced - Aggregate concrete in the laboratory.

- Nghién ciru thiét ké cap phéi vira bang phuong phap quy hoach thyc nghiém:

Yéu cau k¥ thuat cua vira bao g@)m: do chay xoe > 31 cm; d6 gian n¢ 0,1 + 3,5%; cudong do
nén tudi 28 ngay > 110 MPa; khong co ngét, khong tach nudc.

Céc nhan t6 co ban anh huong dén cac chi tiéu ky thuat trén 1a: lugng dung xi mang; ty 1é
cat/chat két dinh; ty 1& nudc/chat kho; luong dung cac loai phu gia (phu gia khoang hoat tinh,
phu gia siéu déo, phu gia nd, phu gia duy tri do linh dong).
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Cuong do nén 28 ngay la mdt chi ti€u quan trong. Chon cuong d6 nén lam ham muc tiéu trong
quy hoach thuc nghiém. Céc nhan t6 dugc chon dé nghién ctru anh huong dén cudng d6 nén 28 ngay
bao gom:

+ Luogng su dung phu gia khoang hoat tinh (% lugng dung xi mang): SF.

+ Luong su dung phu gia siéu déo (% luong dung xi mang): SD.

+ Ty 18 nudc/chat kho: N/CK.

+ Luong su dung phu gia duy tri dg linh dong: CB.

Céac nhan td SF, SD, N/CK, CB dam bao dugc cac yéu cau co ban cta bién sb: luong hoa, dé
diéu chinh, don tri, doc 14p va anh huong truc tiép dén cac tinh chat ctia hdn hop vira va vita da
dong ran, dong thoi chiing ciing 1a nhimng thong sé co ban cho phép xac dinh duge cap phdi vira.
Céc nhan t6 dau vao (con goi 1a bién sd doc lap) 1a: X; = SF, X, = SD, X3 = N/CK, X, = CB.

Phuong trinh biéu dién quan hé phu thudc cac tinh chat co ban ctia vita vao cac bién s doc

1ap trén c6 dang:

Y = bo+ be + Z b;, XX, +ZquJ+ A+ Vju=1Lnjzu
ju=l
J#u

- bo, by, bij, bii 1a cac hé s6 hoi quy tuong ung voi cac bién thu duoc thong qua cac viéc giai
phuong trinh hoi quy thuc nghiém.
- Xi, Xj, Xii 1a cac bién ctia phuong trinh quy hoach.
-k sb lugng céac thuc nghiém theo ké hoach.
-Y 12 ham hdi quy tinh toan.
Y = = fi(SF, SD, N/CK, CB) =fi(xi) i=1.4

3. KET QUA NGHIEN CUU

Tién hanh thi nghiém 13 cap phdi v6i luong ding vat liéu theo Bang 7.

Bang 7. Cac cap phdi thi nghiém (cap phdi 1.000 g)

b | ming | 110 | bay | fame | CaUsine| Citloe| T EL Ol e | Nuce

g g g g g g g g %0
1 450 15 50 5 480 0,06 0,9 13
2 450 15 50 5 480 0,06 1,2 14
3 450 15 50 5 480 0,06 1,4 13
4 450 15 50 5 480 0,06 2 15,5
5 450 15 50 5 480 0,06 1,4 15,5
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Bang 7. (tiép theo)

ohir | mang | £X10 | bay | fame | Cotring| Cittoe) TEELCN | o | Nt
6 450 15 50 5 480 0,06 2,5 15
7 450 15 50 5 480 0,06 1,4 14
8 450 15 50 5 480 0,06 5 13,5
9 450 15 50 5 480 0,06 6 13,5
10 450 15 50 5 480 0,06 7 13,5
11 450 15 50 5 480 0,06 8 13,5
12 450 15 50 5 480 0,06 1.4 14
13 450 15 50 5 480 0,06 2 14

Thi nghiém d6 chay xoe ctia hdn hop vira bang nhét ké Suttard theo TCVN 9204:2012, két

qua c6 dugc theo nhu Bang 8.

Bing 8. Do chay xoe ciia hon hop vita

CAp phdi Do chay xoe ting 1an do, cm Do chay xoe trung binh, cm
Lan 1 Lan 2

1 24,5 25,5 25

2 23 23 23

3 23 22,5 22,75
4 35 34,5 34,75
5 32 31 31,5
6 34 35 34,5
7 225 23 22,75
8 27 26 26,5
9 28 28 28
10 32 33 32,5
11 33 33 33
12 20,5 20,5 20,5
13 23 23.5 23,25

D6 chay xoe ctia hdn hop vira chiu anh hudng cua lugng nude tron va luong dung phu gia

siéu déo. Khi lugng nudc tron tang hodc lugng dung phu gia siéu déo tang thi do chay xoe ting

va nguoc lai. Cac cap phdi 4, 5, 6, 10, 11 dat yéu cau d6 chay xoe > 31 cm.
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Thi nghiém d6 tach nudc ciia hdn hop vira sau 3 gid, d6 né ciia hdn hop vira sau 3 gio theo
ASTM (C940-10a, két qua c6 duge theo nhu Bang 9.

Bang 9. B¢ tach nudc, do gian nd cua hon hop vira sau 3 gio

CAp phdi Do tach nudc sau 3 gio, % Do gian nd sau 3 gio, %
1 0,0 0,3
2 0,0 0,2
3 0,0 0,2
4 0,0 0,3
5 0,0 0,3
6 0,0 0,1
7 0,0 0,2
8 0,0 0,3
9 0,0 0,2
10 0,0 0,1
11 0,0 0,1
12 0,0 0,3
13 0,0 0,3

Cac mAu vira tron theo 13 cip phdi khong tach nudc va co do gidn nd nam trong pham vi
cho phép tir 0,1 - 3,5%, dat yéu cau k§ thuat.

Thi nghiém cudng d6 nén cua vira tudi 3, 7 va 28 ngay theo TCVN 9204:2012, két qua c6
dugc theo nhu Bang 10.

Bang 10. Cuong do nén cia vira tudi 3, 7 va 28 ngay

Cip phéi Cuong do nén Cuo‘ng do nén ?ué‘ng do nén
tuoi 3 ngay, MPa tudi 7 ngay, MPa tuoi 28 ngay, MPa
1 49,0 77,4 89,2
2 58,6 78,8 100,2
3 58,9 80,2 106,0
4 52,8 71,6 96,7
5 38,3 69,3 87,2
6 64,8 80,4 111,3
7 58,4 80,8 101,4
8 72,4 85,3 97,3
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Bang 10. (#iép theo)

Cip phéi Cuong do nén Cuong do nén ?uéng do nén
tuoi 3 ngay, MPa tudi 7 ngay, MPa tuoi 28 ngay, MPa
9 73,8 88,1 101,2
10 76,8 100,6 111,0
11 81,3 108,1 124,1
12 54,3 74,2 86,7
13 60,9 77,2 96,6

Két qua thi nghiém cho thdy cuong d6 nén cua vira phu thudc vao luong dung nude va lugng
dung phu gia siéu déo. Khi lugng dung nudc giam cuong do nén cua vira tang. Khi lugng dung
phu gia siéu déo ting thi cudng d6 nén cua vira tang va nguoc lai. Cac cap phdi 6, 10, 11 dat yéu

cau cuong do nén tudi 28 ngay > 110 MPa.

4. KET LUAN VA KIEN NGHI

Két qua nghién ctru cho thdy Vién Chuyén nganh Bé tong di ché tao thanh cong san pham vira
tu chdy khong co cuong dd cao dung cho cong tac neo chan cot, mong tuabin dién gi6 dap ung
duogc yéu cau k¥ thuat ma cac nha thiét ké, cac du 4n Pién gi6 dang dua ra. Cap phdi ti wu ctia
nghién ctru 1a cép phdi 11, dat yéu cau: do chay xoe > 31 cm; do gidn nd 0,1 = 3,5%; cuong do
nén tudi 28 ngay > 110 MPa; khong co ngét, khong tach nude.

Vira sit dung nhitng nguyén li¢u c6 san trong nudc nhu xi mang, cat tréng, cat loc, tro bay,
phu gia nd va mot sé san pham nhap khau nhu phu gia hoa, silica fume nén viéc san xuat nhanh
gon, van dé kiém soat chat luong dugc dam bao.

Hién nay, ca nude co gan 50 du an vé dién gié ding ky voi tong cong suat gan 500 MW.
Tuy nhién, cac du 4n di di vao van hanh con chua nhiéu, cong nghé thi cong lap dat phuc tap 1a
van dé gdy kho khan ddi v6i cac nha thau Viét Nam. Viéc san xuét duoc san phém vita chét
luong cao nhu nghién ciru gop phan dem lai hiéu qua kinh té, day nhanh tién do thi cong lap dat
du an dién gio.
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NGHIEN CUU KHA NANG UNG DUNG PHAN MEM EPANET
PE THIET KE HE THONG CAP NUGC TRONG NHA

APPLICATION OF EPANET SOFTWARE TO DESIGN
WATER SUPPLY SYSTEM IN THE BUILDING

ThS. Nguyén Thi Hai Yén
Vién Khoa hoc cong nghé xay dung, Email: haiyenbgc@gmail.com

TOM TAT: Thiét ké hé thong cap nudc dam bao cac tiéu chi vé thuy luc 1a rit quan trong. Bén canh
phuong phap tinh toan thu cong, truyén thng thi viéc sir dung cac phan mém hd tro tinh toan thuy luc 1a
rt can thiét. Mot sé phadn mém hd tro tinh toan cap nudc, mdé phong thiy luc dang duoc ap dung hién
nay: Epanet (EPA- M¥); WaterGEMS (Bentley-My¥); Pipe Flow expert (DaxeSoft- Anh); Mike Net (DHI-
Pan Mach).... Mdi mé hinh déu ¢6 uu nhuge diém riéng, nén khi tinh toan hé théng céip nudc can can
nhic chon mé hinh tinh phu hop. Bai viét phan tich vé kha ning ng dung phin mém Epanet dé tinh toan
thuy Iuc cho hé théng cip nude trong nha cao tang.

TU KHOA: Hé thdng cap nudce, hé théng cAp nudc trong nha cao ting, thuy lyc, phdn mém Epanet.

ABSTRACTS: Designing a water supply system to ensure hydraulic criteria is very important. Besides the
traditional and manual calculation method, the use of software to support hydraulic calculations is very
necessary. Some software supporting water supply calculation and hydraulic simulation are being applied
today: Epanet (EPA-USA); WaterGEMS (Bentley-USA),; Pipe Flow expert (DaxeSofi- UK), Mike Net (DHI-
Denmark).... Each model has its own advantages and disadvantages, so when calculating the water supply
system, it is necessary to consider choosing the appropriate calculation model. The article analyzes the
applicability of Epanet software to calculate hydraulics for water supply systems in high-rise buildings.

KEYWORDS: water supply systems, water supply systems in high-rise buildings, hydraulics, Epanet sofiware.

1. PAT VAN PE

Hé thdng cép nudc trong nha cao tang duogc thiét ké dé phuc vu cap nude dén timg thiét bi
dung nudc trong coéng trinh dam bao vé luu luong va ap luc nudce theo quy chuan, tiéu chuan quy
dinh. Truéc day viéc tinh toan duogc thuc hién thu cong theo Lobachep, Hardy, Croos,
Andriasep, ... Theo thoi gian, cong nghé thong tin ngdy cang phat trién va két qua tinh toan duoc
yéu cau cao hon vé do chinh xac thi cac phin mém tinh toan mé phong hé thdng cip nude ciing
dugc hinh thanh va véan dung nhiéu hon trong thuc tién.

Dé phuc vu cho cong tac thiét ké hé thong cip nudc trong cong trinh dam bao cac chi tiéu k§
thuat va dat hiéu qua toi uu trong viéc thiét ké, viéc ing dung cic phan mém hd trg tinh toan
thuy lyc 13 rat can thiét.

Hién nay c6 nhiéu phan mém hd trg viéc tinh toan hé thdng cip nudc, md phong thuy luc:
Epanet (EPA- My); WaterGEMS (Bentley-My¥); Pipe Flow Expert (DaxeSoft- Anh); Mike Net
(DHI- Pan Mach)... va phdn mém tinh toan trén nén co s& dit liéu cia phan mém khac
(WaterCad su dung trén nén autocad; WaterGem cua Bently, Mike Urban cta DHI... déu su
dung s6 liéu trén nén hé théng GIS) [4]. M6i m6 hinh déu c6 uu nhuge diém riéng, nén khi tinh
toan hé thong cp nudc can can nhic chon mé hinh tinh phu hop. Trong d6 c6 phdn mém Epanet
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12 mot chuong trinh duoc phat trién bai khoa cung cap nude va ngudn nude thude t6 chirc Bao
vé mdi truong ctia My nham thuc hién mé phong tinh chat thay luc va chit luong nude theo thoi
gian trong mang ludi duong éng co ap.

Epanet dugc ap dung chi yéu cho thiét ké hé théng cap nudc bén ngoai cong trinh. Xét thiy
céc uu diém ciia phan mém va so sanh hé thong cap nudc bén ngoai cong trinh va bén trong cong
trinh, bai viét nghién ctru vé kha ning Gmg dung phan mém Epanet dé tinh toan thuy luc hé thong
cAp nudc trong nha cao tang, thiét ké hé thong cip nudc dam bao vé luu lugng, van tbe dong
chay va ap luc nudc cip toi cac thiét bi dung nude.

2. TONG QUAN VE PHAN MEM EPANET

2.1. Tong quan phan mém Epanet

Epanet di duoc phat trién boi Water Supply and Water Resources Division thudc
U.S.Environmental Protection Agency’s National Risk Management Research Laboratory.

Epanet 12 mot chuong trinh méy tinh c6 kha ning mo phong ché d6 thuy luc va chat luong
nude trong hé thdng dudng ng co ap. Hé thong dugc md phong co thé bao gdm dudng dng cac
loai, bom, van diéu khién, bé chua... Epanet c6 thé moé phong hoat dong gia dinh cua hé thong
trong giai doan thiét ké va van hanh, cung cdp nhitng dién bién theo thoi gian vé luu luong va
luu téc trong dudng 6ng, ap sudt tai cac vi tri trong mang, ché 46 muc nudc trong dai va beé;
ndng do va thoi gian luu lai cia cac hoa chét trong hé théng cip nude. Epanet di dugc chimg to
12 mot trong nhimg cong cu hiru hiéu dé thiét ké hé thdng cap nudc bao gdm ca viéc xac dinh cac
thong s6 k¥ thuat cua cac thiét bi va cong trinh trén mang. Kha ning mo phong kha manh cua
Epanet cho phép ngudi sir dung c6 thé xét dén hau hét nhitng tinh hudng thuc t& phirc tap trong
tinh toan cap nudc [1].

Epanet hd trg rt hiéu qua trong viée thiét ké hé thong cip nudc bén ngoai, véi nhitng kha
ning tinh toan va mo phong thily luc ctia phin mém nay ta hoan toan co thé nghién ctru ting
dung phan mém nay vao thiét ké hé théng cip nude trong cong trinh nha cao ting.

2.2. Epanet trong tinh toan thiy lyc mang luoi cAp nuéc bén ngoai nha. Uu nhuoc diém
cia phan mém

Epanet duogc sir dung kha rong rii trong thuc tién v6i kha ning mé phong hé thong cap nude
bén ngoai nha v4i quy mo bat ky [17]:

o Tinh toan ton thét thuy luc theo cac cong tirc Hanzen-Williams, Darcy-Weisbach hay

Chezy- Manning.

o Xét dén nhimg ton thit cuc bo giy ra boi thiét bi, viéc ndi dng, cac vi tri udn cong hay

thay d6i kich thudc trong mang ludi cap nude. ..

o Mb phong cac loai ngudn nude khac nhau.

o Mo phong bom véi cac ché d6 van hanh ¢b dinh hay thay doi.

o Tinh toan hiéu sut bom va chi phi ning luong.

o Mb phong cac loai van khac nhau nhu van giam ap, van duy tri 4p, van tiét luu, van

mot chiéu...
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o Mb phong dai nudc va bé chira voi hinh dang bat ky.

o Xét dén dong thoi nhiéu ché do dung nude khac nhau tai cac khu vuc trong hé théng.

o Mb phong hoat dong ciia hé thong cap nudc theo nhitng diéu kién ty dong hoa cho trudc.

o Mb phong vé chét lugng nudc.

Epanet 13 hat nhan cta hé thong WATSYS dugc co quan Bao vé méi truong Hoa Ky phat

trién, giup nguoi dung phan tich, thiét ké va quan 1y hé thng cap nude.

Uu diém ctia phan mém Epanet [1]:

o Co nhiéu kha nang mo6 phdéng h¢ théng cép nude nhu trén, hd tro viée thiét ké hé théng
cAp nudc;

o La mot chuong trinh hoat dong trong mdi truong Windows. Giao dién dé st dung, két qua
duogc két xuat dudi dang bang, do thi, ban do, nhiing dit liéu théng ké.

Nhuoc diém ctia phan mém Epanet [1]:

o Epanet 1a mdt mo hinh toan hoc hoat dong theo kiéu: IF-THEN (Néu—Thi). Két qua nhan
dugc khi mo phong hoan toan phy thudc vao sé liéu cung cap cho mé hinh va quan niém
mo phong hé théng.

o V&i Epanet viée lya chon 101 giai cho mot van dé thyuc té hoan toan phu thude vao kinh
nghiém cta ngudi sir dung. Nguoi sir dung can phai biét cach khai bao bai toan sao cho
¢6 thé mod phong cac tinh hudng thyc té mot cach gan voi hop 1y nhat.

3. NGHIEN CU'U VIEC SU DUNG EPANET VAO TiNH TOAN THUY LUC HE THONG
CAP NUOC TRONG NHA
3.1. Gi6i thi¢u vé h¢ thong cip nuéc ngoai nha

Heé thdng cép nudc ngoai nha 1a mot t6 hop cac hang muc cong trinh ¢ chirc nang va nhiém
vu khéc nhau dé cung cép nude sach dén tit ca cac khu vuc duoge thiét ké. Cong trinh thu nudc
1am nhiém vu thu nhan ngudn nudc. Sau d6 nudc duoc lam sach tai cac cong trinh xir 1y. Nudc
sach dugc dua téi bé chira dé duy trir va diéu hoa nudc giira tram bom cap I va tram bom cap II.
Mang lu6i dudong dng cap nude van chuyén va phan phéi nude dén cac noi tidu thu.

Ghi chu:

1- Cong trinh thu nudc;
2- Tram bom cép I;

3- Céc cong trinh xur Iy nudc;

7
Séng 8 4- Bé chira nuée sach;
1 ’—@—-’ 3 4 g > L
}_ > 5- Tram bom cap II;

6- Puong dng truyén dan;

7- Pai nudc;

8- Mang ludi duong 6ng
cap nudc.

Hinh 1. So d6 hé théng cip nudc ngoai nha (ngudn nudc song) [3]
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3.2. Gi6i thi¢u vé h¢ théng cip nuéc trong nha

H¢ thong cap nudc trong cong trinh nha: 1a hé thong bao gom bé chira nude, bom cap nudc,

két (b&) nudc mai, hé théng duong dng, phu ting cip nudc téi cac thiét bi tiéu thy nudc trong

cong trinh.

1 et

2 = 4

)01

Hinh 2. So d6 hé théng cip nudc trong nha [2].

Ghi chu:

1- Ong cap nudc tr mang ludi;
2- Ong dan nuéc vao nha va dong ho;

3- Bé chira nudc;

4- Tram bom cap nudc;

7- Mang lu6i dudng dng cip nude.

5- Puong dng truyén dan;

6- Két nudc mai;

3.3. Phan tich kha ning ciia phin mém Epanet trong tinh toan hé thong cip nwéc
trong nha

So sanh su tuong dong gitra hé thong cip nudc ngoai nha va trong nha:

Bing 1. Bang so sanh hai hé thong cap nudc

STT

H¢ thong cap nudc ngoai nha

Hé théng cip nudc trong nha

Bé chira nuée sach: 1am nhiém vu diéu hoa
nuée gitta tram bom cdp I va tram bom cap
II, dy trr lugng nudc cho chita chay va ban
than tram xtr ly.

Bé chira nuoc sqach: lam nhiém vu du trir
nudce cho nhu cau sir dung cua cong trinh, dy
trlt nudc chira chay.

Tram bom ccfp 1I: ¢6 nhiém vu bom nudc tu
bé chira nudc sach vao mang ludi cip nudc
d6 thi. Hodc ciing co6 thé 13 tram bom ting ap
trén mang ludi cép nude dén cac ho tiéu thy.

Tram bom cd'p nuwoc: ¢6 nhiém vu bom nudce
tir bé chtra nudc dén hé théng duong dng cap
t6i cac khu vuc ding nude ciia cong trinh dé
tang ap cho dudng 6ng & cac khu vuc khong
dam bao ap luc cta cong trinh.
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Bang 1. Bang so sanh hai hé thong cip nudc (iép theo)

STT Hé théng cip nudc ngoai nha Hé théng cip nudc trong nha
3 | Puong ong truyén dan: dng day bom cap nudc | Ong ddy lén mdi: dng ddy bom cip nudc

Dai nwée: lam nhigm vy diéu hoa nude luu
luong giira tram bom cép II va mang ludi cap
nudc va du trif mot lugng nudc chita chay
trong 10 phat ddu khi x4 ra dam chay. Ngoai
ra dai nudc ¢ trén cao con lam nhi¢ém vu tao ap
luc cung cdp nudce cho mang ludi cap nude.

Két nuéc mdi: 1am nhiém vu diéu hoa nudc,
du trir nuée khi thira va cung cép nude khi
thiéu dong thoi tao 4p luc dé dua nudc téi
cac noi ti€u thu. Ngoai ra két nudc con phai
du trir mot phan lwong nuéce chira chay cho
toa nha.

Mang luoi dwong ong: lam nhiém vu truyén
dan va phan phoi nudc toi cac diem dan cu,
khu cong nghiép va cac diém ti€u thu nudc.

Mang ludi dwong éng: 1am nhiém vu dua
nudce téi moi thiét bi vé sinh trong nha.

Hai hé thong cap nudc bén ngoai va bén trong cong trinh ¢ sy tuong dong vé cac thanh

phan cta hé théng va chirc nang ciia timg thanh phan nhu bang 1.

Do d6 phan mém Epanet hoan toan c¢6 thé md phong duoc hé thdng cip nudc trong nha va

tinh toan thuy lyc, ton thit mang ludi duong éng cua hé théng cap nude.

3.4. Ung dung vao bai toan thue té

3.4.1. Dé bai: Thiét ké hé thong cdp nwéc cho cong trinh nha chung cw

Thiét ké hé théng cap nudc cho chung cu gdm 1 tang ham, 4 tang can ho, 1 ting tum va
tang mai.

3.4.2. Xay dwng mé hinh, tinh todn thiiy luc hé thong cdp nwéc cho toa nha

Cac buoc thuc hién:

o Dung so dd hé théng cap nudc

o Tinh todn nhu cau st dung nude

o Nhap thong sb

o Chay va hi¢u chinh két qua

Bang 2. Nhu cau sir dung nudce cua tdoa nha

\ Dién tich . P .. Tiéu chuin Luu lugng
Tang 2 Tong sO nguoi £ ] 3
(m”) cap nudc (m”/ngd)
Tang ham 1260 1,5 1,89
Tang 1 500 1,5 0,75
Tang 2 ~ 5 (4 ting) 100 200 20,00
Téng 22,64
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DERS XM F2HEES t E£4+Q D/ 0HF~CNT

= @ 1[5 | || 5 Network Table - Links at 12:00 Hrs (= ==
Elevation Demand Head Pressure ~ Diameter Flow Velocity  |Unit Hea A

Node ID m LPsS ‘ m | m Link ID mm LPS ‘ m/s m/ke

Junc 7 6 3.06. 18.34 2.34 Pipe 7 36.24 235

Junc 2 16/ 3.06. 18.30 230 Pipe 60 140 31.03 207

Junc T3A 157 3.06. 17.57| 187 Pipe 61 63 463 148

Junc T4A 124 2.70 17.36 496 Pipe 62 25 0.70 143

Junc T3A 9.1 227 17.26 816 Pipe 63 25 0.70 143

Junc T2A 3.8 1.73) 17.00 11.20 Pipe 64 25 037 0.76

Junc T1A 2] 0.82 16.68 14.68 Pipe 65 25 0.70 143

Junc TH -1 0.75. 16.24 17.24 Pipe 66 25 0.70 143

Junc T3 157 143 17.35) 1.83 Pipe 67 110 24.24 235

Junc CH3B 157 0.70° 15.89) 019 Pipe 68 63 463 148

Junc CH3A 157 0.70° 16,12 0.42 Pipe 69 25 037 0.76

Junc R3 15.7) 037 17.14 1.44 Pipe 70 25 0.70 143

Junc CH5C 15.7) 0.70° 16.48 0.78 Pipe 71 25 0.70 143

Junc CH3D 15.7) 0.70° 17.19] 1.4 Pipe 72 25 0.70 143

Junc T4 124 145 17.35) 495 Pipe 73 25 0.70 143

Junc CH4B 124 0.70° 15.68 3.28 Pipe 74 110 1691 178

Junc CHAA 124 0.70° 15.92 3.52 Pipe 11 63 463 148

Junc R4 124 037 16.94 434 Pipe 26 25 037 0.76

Junc CHAC 124 0.70° 16.28 3.88 Pipe 27 25 0.70 143

Junc CH4D 124 0.70° 16.99 439 Pipe 33 25 0.70 143

Junc T3B 8.1 145 17.24 814 Pine 22 75 nn 143 -R

v < >
r T

Hinh 5. Két qua tinh toan thuy luc hé thong cip nudc

Sau khi mé6 phong hé théng, tién hanh chay phan mém va hiéu chinh ta xuét ra duoc két qua

dudi dang bang (Hinh 5).

Céc ket qua chay phan mém cho ta so li€u veé:

o Két qua thay luc dng: dudng kinh, luu luong trong dng, van tbc dong chay, ton that

o Két qua thuy lyc nat: Luu lugng tiéu thy, téng cot nudce, ap luc du

o Két qua tinh toan bom, tinh toan tiéu thu nang luong ctia bom.

Sau khi c6 két qua tinh toan thuy luc ta sir dung dé 1ap ban vé thiét ké k¥ thuat, thiét ké ban

v& thi cong va thuyét minh hé thong cip nudc cho cong trinh.

3.4.3. So sanh két qua véi phwong phdp tinh truyén thong

Bang 3. So sanh két qua hai phuong phap dung Epanet - Truyén thong

Két qua

Epanet

Truyén thong

Chon dugc duong kinh éng

Chon dugc duong kinh phu hop

Chon dugc duong kinh phu hgp

Tinh duoc van toc dong chay

Thu dugc két qua theo ting thoi
diém trong ngay

Thu duoc két qua cho gio dung
nude 16n nhét

Tinh duoc ton thit ap luc
trong éng

Thu dugc két qua theo timg thoi
diém trong ngay

Thu dugc két qua cho gio ding
nude 16n nhét

Tinh ap lyc du tai cac diém
tiéu thu

Thu dugc két qua theo timg thoi
diém trong ngay

Thu duoc két qua cho gio ding
nude 16n nhét

Bé nudc ngam, két nudc mai

Thay dugc sy tuan hoan cua bé
nudc ngam/ két nudc mai

Khong thiy

Bom

Chon dugc bom phit hop véi ché
d0 lam viéc cua hé théng

Chon dugc bom phu hop voi
ché d6 1am viéc cta hé théng
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4. KET LUAN - KHUYEN NGHI

4.1. Két luan
St dung phian mém Epanet trong nghién ctru tinh toan thity luc hé théng cip nudc trong
cong trinh nhén thay:
o Két qua tinh toan thity luc dd mé phong dugc van toc dong chay trong hé théng éng, ton
that dong chay trong ting thoi diém trong ngay.
o Mo phong dugc nhu cau ding nude, ap luc nude theo gio.
o M6 phong dugc ché do 1am viée va ning luong tiéu thy ciia hé thdng bom cap nudc.
Epanet ciing nhu cic phan mém khéac chi co thé cung cp nhimng hinh anh du bao ciia mot
giai phap du kién, ma khong quyét dinh thay cho ngudi thiét ké mot giai phap tdi uu.
4.2. Khuyén nghi

Nghién ctru tmg dung phan mém Epanet vao mod phong hoat dong ciia hé thdng cip nudc
trong nha va theo ddi diéu khién van hanh hé théng.
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ANH HUONG CUA HAM LUQNG TRO BAY PEN TiNH CHAT CO LY
CUA GACH KHONG NUNG BE TONG

EFFECT OF FLY ASH CONTENT ON MECHANICAL PROPERTIES
OF UNBURNT CONCRETE BRICKS

TS. Nguyén Mai Chi Trung
Khoa K¥ thuat & Cong nghé, Truong Pai hoc Quy Nhon, Email: nguyenmaichitrung@qnu.edu.vn

TOM TAT: Bai béo nay trinh bay mot nghién ciru vé anh huong ciia ham luong tro bay dén céc tinh
chit co 1y cua gach khong nung bé tong. Thanh phan cip phdi bao gdm: chat két dinh, cot lidu va
nudc, trong d6 chat két dinh gdm xi ming va tro bay. Ham lugng tro bay ding dé thay thé xi ming
trong nghién ctru 1an lugt 13 0%, 10%, 20%, 30% va 40%. Két qua thi nghiém vé d6 réng, cuong do
chiu nén, d6 thAm nuéc va do hut nuée cua gach duogc danh gia theo TCVN 6477:2016. Gia thanh vat
lidu san xuat gach giam dang ké khi thay thé 20% dén 30% xi ming bang tro bay trong thanh phan
chat két dinh.

TU KHOA: Gach khong nung, tro bay, chit két dinh.

ABSTRACTS: This paper presents a study on the influence of fly ash content on the mechanical
properties of unburnt concrete bricks. The composition includes: binder, aggregate and water, in
which the binder consists of cement and fly ash. The fly ash content used to replace cement in the study
was 0%, 10%, 20%, 30% and 40%, respectively. Test results on porosity, compressive strength, water
permeability and water absorption of bricks are evaluated according to TCVN 6477:2016. The cost of
brick production materials is significantly reduced when replacing 20% to 30% of cement with fly ash
in the binder component.

KEYWORDS: unburnt brick, fly ash, binder.

1. GIOI THIEU

Str dung vat liéu xay khong nung thay thé gach dat sét nung 1a xu huéng phat trién tat yéu ¢
nhidu nudc trén thé gidi cling nhu & Viét Nam. Diéu nay da dwoc khing dinh qua cac chu
truong, chinh sach ctia Nha nudc, thé hién qua Quyét dinh s6 1469/QD-TTg ngay 22 thang 8
nim 2014 ciia Thu tuéng Chinh phu vé viéc Phé duyét Quy hoach tong thé phat trién vat liéu xay
dung Viét Nam dén nim 2020 va dinh hudéng dén nam 2030 [1], gin day nhat 13 Quyét dinh s6
1266/QD-TTg ngay 18 thang 8 nam 2020 cua Thu tudng Chinh pha vé viéc Phé duyét Chién luoc
phat trién vat liéu xay dung Viét Nam thoi ky 2021 - 2030, dinh hudng dén nam 2050 [2], trong d6
¢6 chién luoc phat trién vat liéu xay khong nung (VLXKN), va Thong tu sé 13/TT-BXD ngay 08
thang 12 ndm 2017 cua Bo trudng Bo Xay dung vé viéc Quy dinh st dung vat liéu xay khong
nung trong cac cong trinh xay dung [3]. Trong nhitng ndm gan day, vat lidu xdy khong nung da
phét trién manh ca vé s6 luong va chiing loai. Trong do, gach khong nung bé tong dugc ké dén 1a

mdt trong nhitng vat liéu dugc str dung phé bién trong cac cong trinh xay dung.
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Gach khong nung bé tong dugc san xuét tir hdn hop bé tong kho theo cong nghé ép hoic
rung ép vé6i cac hinh dang va kich thudc khac nhau, vé cu tao c6 thé dic chic hodc ¢ 16. Gach
bé tong ddc dugc san xudt véi kich thudc nho, théng thuong bang kich thudce gach tiéu chuan,

con gach bé tong rong dugc san xudt voi kich thude 16n hon.

Gach khong nung bé tong duogc str dung kha phd bién cho nhiéu dang két ciu xay nhu tudng
mong, twong chiu luc va tuong khong chiu luc. Cung véi viée phat trién manh mé cua gach bé
tong trong nhitng nim gan day, trong thuc té da xuat hién mot sd van dé can quan tdm nghién
ctru dé hoan thién hon san phdm nay.

Thanh phﬁn vat liéu dé ché tao gach khong nung bé tong bao g@)m: cbt lidu (mat d4 hodc cat),
chat két dinh (xi mang, hoic xi ming két hop phu gia khoang) va nudc. Vat lidu dé san xuat gach
khong nung bé tong ciia mot s6 nha may trén dia ban cic tinh mién Trung, bao gdm: mat d4 hoic
cat, xi ming va nude, dung mat d4 1am cdt liéu chinh véi wu diém giup cho cudng do gach cao,
gia thanh san xuat ré, tuy nhién nhugc diém 1a gach nhin kha tho, ngoai ra trong trudng hop
duong kinh hat ¢t liéu khong duoc kiém soét t6t ddn dén kha nang chdng thim cia gach kém do
con kh nhiéu ké ho.

Trong thanh phan chat két dinh ngoai xi ming c6 thé st dung thém phu gia khoang 13 tro
bay, dong thoi st dung tro bay dé thay thé bot mot phan xi miang nham giam chi phi san xut
gach. Khi sir dung mot phan tro bay 1am chat két dinh, tinh chét co 1y ctia gach sé& thay ddi so véi
khi chi ding xi ming 1am chét két dinh. Bai bao trinh bay thi nghiém xéc dinh cac tinh chit co Iy
cta loai gach khong nung bé tong hai 16 va gach sau 15 phd bién trén thi trudng, ham lugng tro
bay trong thanh phan chat két dinh thay doi tir 0% dén 40%.

2. CHUONG TRINH THi NGHIEM

2.1. Muc tiéu va ngi dung thi nghiém

Muc tiéu thi nghiém: thi nghiém xac dinh mot s6 tinh chat co 1y cia gach bé tong khong
nung v6i bon trudng hop ham luong tro bay khac nhau, tir d6 dé xuat dinh mic thanh phan cip
phdi téi uu khi ¢6 tro bay.

Noi dung thi nghiém: thi nghiém véi hai loai gach, gach hai 16 ¢6 kich thude 200 mm X
90 mm x 60 mm va gach sau 16 c6 kich thudc 200 mm x 130 mm x 90 mm. Mdi loai gach véi
mdi phuong an ham luong tro bay, thi nghiém xac dinh bon chi tiéu: do rong, cudng do chiu

nén, do tham nudc va do hut nude cua gach.

2.2. T¥ I¢ tro bay dung dé thay thé xi ming
Thanh phan vt liéu ché tao gach, gdm: cdt liéu (mat d4), chat két dinh va nudc. Thanh phan

chat két dinh gém xi ming va tro bay c6 ty 1& nhu bang 1.
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Bang 1. Ty 1¢ xi ming - tro bay dé ché tao gach

Chét két dinh
Truong hop
Ximang (%) Tro bay (%)
1 100 0
2 90 10
3 80 20
4 70 30
5 60 40
2.3. Mau thi nghiém

2.3.1. Thi nghiém vit liéu ding dé ché tao miu

Vit liéu: cat, xi mang PCB40, mat da va tro bay duogc thi nghiém xéac dinh cac chi sé co ly
dé 1am co s tinh toan thanh phan cip phi ché tao mau thi nghiém.

Khéi lwong thé tich xdp cua cat, p. = 1424 (kg/m’); khéi lugng riéng va cudong do cua xi
ming PCB40 & tudi 28 ngay, 1an luot 1a p, = 3,09 (g/cm’) va R, = 50,5 (MPa); khéi luong riéng
va md dun d6 16n cua mat da, 1an luot 1a Pe1 = 2,72 (g/cm3) va My = 3,38; khbi luong riéng cua

tro bay, pyer = 2,28 (g/em’).

2.3.2. Ché tao méu thi nghiém
Mac gach dugc thiét ké cho ca gach hai 18 va gach sau 16 1a M7,5. Cép phéi vat liéu cho 1m’
bé tong duogc xac dinh theo [4], tir d6 tinh duoc khdi luong vat liéu can dé ché tao sd luong mau

thi nghiém dugc trinh bay trong bang 2 va bang 3.

Bang 2. Khi luong vt liéu cho mdi truong hop cia gach hai 15

Truong Ty I¢ X Tro bay Mat da Nudc S6 miu
hop X (%) - Tro bay (%) (kg) (kg) (kg) (lit)

1 100% - 0% 14 0,00 49 4,5 32
2 90% - 10% 12,6 1,4 49 4,5 32
3 80% - 20% 11,2 2,8 49 4,5 32
4 70% - 30% 9,8 4,2 49 4,5 32
5 60% - 40% 8,4 56 49 4,5 32

Tong cong: 56 14 245 22,5 160
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Bang 3. Khi luong vt lidu cho mdi trudng hop ciia gach sau 15

Truong Ty 1€ X Tro bay Mat da Nudce S6 mau
hop X (%) - Tro bay (%) (kg) (kg) (kg) (lit)

1 100% - 0% 20 0,00 69 6 36
2 90% - 10% 18 2 69 6 36
3 80% - 20% 16 4 69 6 36
4 70% - 30% 14 6 69 6 36
5 60% - 40% 12 8 69 6 36

Tdong cong: 80 20 345 30 180

Mau dugc ché tao theo cong nghé ép rung tai nha may san xuat gach ¢ Binh Dinh, dugc

danh s6 dé phan loai va bao dudng 28 ngay sau khi san xuat.

/

Hinh 1. Mau thi nghiém
2.4. Thi nghiém gach khong nung bé tong

Gach dugc thi nghiém véi 4 chi tiéu: d6 rong, cuong do chiu nén, do tham nuée va do hat
nude cua gach. Quy trinh thi nghiém duoc tién hanh theo TCVN 6477:2016 [5].

b) Ngam mau dé chuén bj ¢) Thi nghiém d¢ thdm nude
thi nghiém d¢ tham nudc
va do hut nudc

a) Thi nghiém cuong d6 chiu nén

Hinh 2. Thi nghiém gach
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d) Thi nghiém d6 hit nudce
Hinh 2. Thi nghiém gach (tiép theo)
3. KET QUA THi NGHIEM VA PHAN TiCH

3.1. D) rong
70

60 65%

40 ——Gach 216
30 —& Gach 616

20

10
0 (%) Tro bay

0 10 20 30 40 50

Do rong (%)

> ————————0—-—=-0

Hinh 3. Bi¢u do so sanh d0 rong cua gach

Tir hinh 3 cho thdy, d6 rdng cta gach hai 15 va gach sau 13 trong tit ca cac truong hop déu
nho hon 65%, dat yéu ciu theo TCVN 6477:2016. Gia tri 6 rdng cac trudng hop xap xi nhau,
chting 6 ty 16 ham luong xi ming va tro bay gan nhu khéng anh hudng dén d6 rdng cua gach.

3.2. Cwong do chiu nén

14
12
* —

= 10 -~ .
% ] —e—Gach 216
=~ 6 - Gach 616
3

4

2

0 (%) Tro bay

0 10 20 30 40 50

Hinh 4. Bi€¢u do6 so sanh cuong d6 chiu nén cua gach
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Tir hinh 4 cho thdy, ham luong tro bay ting thi cuong d6 chiu nén cta gach giam dan. Panh
gia cuong do chiu nén ctua gach theo TCVN 6477:2016:

Véi gach hai 13: tit ca 5 truong hop déu cho gia tri cuong d6 chiu nén R; > 6,7 (MPa) va
Ry > 7,5 (MPa), do d6 gach dat yéu cau ve cuong do chiu nén.

Vé6i gach sau 15: trudong hop 1 dén 4 dat yéu cau vé gia trj cuong do chiu nén, ngoai trir

truong hop 5 ¢o R; < 6,7 (MPa) va Ry, < 7,5 (MPa) nén khong dat yéu cau.

3.3. P thAm nuéc

35

30
> 25 _e-- - _
o 20 === —e—Gach 216
:§ 15 -® Gach 616
= 16 (L/n’.h)
=10

5

0 (%) Tro bay

0 10 20 30 40 50

Hinh 5. Bi¢u do6 so sanh d¢ tham nudc ctia gach

Tir hinh 5 cho thdy, ham luong tro bay ting thi d6 thAm nudc cua gach ting nhung khong
dang ké, cu thé:

Do tham nudc cua gach trong truong hop 2, 3, 4 va 5 tang so véi truong hop 1, véi gach hai
16 ty 16 tang lan lugt 1a 0,94%, 3,00%, 5,50% va 8,50%, v&i gach sau 16 ty 1¢ ting nay lan lugt 1a
0,66%, 2,53%, 4,56% va 6,06%.

Pénh gia d6 tham nudc cua gach theo TCVN 6477:2016: v6i gach hai 16 va gach sau 16 déu
¢6 H;, Hyp > 16 (L/m*.h) truong hop gach xdy c6 trat, do do6 trong ca 5 truong hop gach khong
dat yéu cAu vé do thdm nudc. Qua khao sat tai mot s6 nha may san Xuét gach, hi¢n nay phén 16n
gach khong nung trén thi trudng khong dat chi tiéu vé do tham nudc, trir cic mau duge 1am thi
nghiém kiém dinh chét luong dé cho gach xuét xuodng ra thi truong, thuc té cac mau nay da dugc
xir 1y qua phu gia chng tham trude khi lam thi nghiém do thim nudc.

3.4. Do hut nwée

14

12 (%)
12 —

3 10 === N
S g —e—Gach 216
> 6 - Gach616

4

2

0 (%) Tro bay

0 10 20 30 40 50

Hinh 6. Bi€¢u do so sanh d¢ hut nudc cua gach
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Tir hinh 6 cho thy, ham lugng tro bay tang thi o hut nudc ciia gach tang nhung khong déng
ké, cu thé:

Do hit nude cua gach trong truong hop 2, 3, 4 va 5 ting so véi truong hop 1, véi gach hai 16
ty 1¢ ting nay lan luot 1a 2,47%, 5,82%, 10,72% va 16% v&i gach sau 16 ty 1¢ tang nay lan luot 1a
3,58%, 13,07% va 18,51%. Do hiit nudc cta ca hai loai gach trong nam trudng hop xép xi nhau.

Dénh gia do hut nude cua gach theo TCVN 6477:2016: voi gach hai 16 va gach sau 16 déu c6
X, Xip < 12 (%), do d6 trong ca 5 trudng hop gach dat yéu cau vé do hat nude.

3.5. Nhén xét

Céc phan trén d trinh bay két qua thi nghiém cua hai loai gach: gach hai 16 va gach sau 15,
vé6i tong s6 lwong mau thi nghiém 1a 240 mAu cho cac chi tiéu vé do rong, cudong do chiu nén, do
thAm nudc va do hit nude cua gach. Két qua thi nghiém cho thay:

Vé cuong do chiu nén: khi ham luogng tro bay chiém 10%, 20%, 30% trong thanh phan chét
két dinh, cuong do chiu nén ctia gach hai 16 va gach sau 16 v6i mac gach M7,5 déu dat theo quy
dinh cia TCVN 6477-2016.

Vé do thAm nudc cta gach: tit ca cac trudng hop c6 va khong co tro bay cua gach hai 16 va
gach sau 16 voi mac gach M7,5 déu c6 do thAm vuot qua quy dinh cia TCVN 6477-2016.

Vé d6 hat nudc ciia gach: tat ca cac trudng hop co va khong cé tro bay ciia gach hai 16 va
gach sau 16 v6i mac gach M7,5 déu c6 d6 hut nude dat theo quy dinh cia TCVN 6477-2016.

Xi mang dung dé ché tao gach loai PBC40 ¢ cuong d6 kha cao 50,5 MPa nén lugng dung xi
ming giam, ddy 1a mot trong nhitng nguyén nhan din dén d6 thim nudc ciia gach ting.

4. PHAN TiCH HIEU QUA KINH TE KHI DUNG TRO BAY THAY THE MQT PHAN
XI MANG

Tinh toan chi phi vat liéu (chét két dinh, mat da, nuoc) dé ché tao mot vién gach hai 16 va
gach sau 10 khi ty 1& xi mang - tro bay trong thanh phan chat két dinh 1an luot 1a: 100% xi mang
va 0% tro bay, 80% xi mang va 20% tro bay, 70% xi mang va 30% tro bay. Chi phi tro bay da
bao gom gia vat lidu va van chuyén tir Quang Ninh dén Binh Dinh, Pha Yén. Két qua dugc thé
hién ¢ hinh 7 va hinh 8.

750

700

Gia tién (VNB)
(=)} ()
(=] wn
< (==}

w
wn
(=]

(% Xi méang - Tro bay)
500

100% - 0% 80% - 20% 70% - 30%

Hinh 7. Biéu d6 so sanh chi phi vat liéu cho mdt vién gach hai 16
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Hinh 8. Biéu d6 so sanh chi phi vat liéu cho mot vién gach sau 16

Chi phi vat liu giam dang ké khi thay thé 20% dén 30% xi ming bang tro bay, cu thé:

Gach hai 13, tir hinh 7 cho thiy, khi thay 20% xi mang bang tro bay, chi phi vat liéu giam
52 dong cho mot vién gach, twong Gng giam 6,8% chi phi vat lidu; khi thay 30% xi mang
bang tro bay, chi phi vat liéu giam 72 dong cho mot vién gach, twong tmg giam 10,3% chi phi
vat liéu.

Gach sau 13, tir hinh 8 cho thdy, khi thay 20% xi ming bang tro bay, chi phi vat liéu giam
119 dong cho mot vién gach, tuong tng giam 7,8% chi phi vat liéu; khi thay 30% xi mang bang
tro bay, chi phi vat liéu giam 178 doéng cho mot vién gach, tuong tng giam 11,6% chi phi

vat liéu.

5. KET LUAN

Bai bao da sir dung tro bay dé thay thé bot mot phan xi ming trong thanh phan vat liéu san
xudt gach khong nung bé tong, trén co sé thi nghiém cac chi tiéu ciia gach theo quy dinh cta
TCVN 6477:2016 va phan tich tinh hiéu qua vé mat kinh té, cho thay:

Cudng do chiu nén cua gach giam khi ting ham luong tro bay. Khi ham lugng tro bay chiém
20% dén 30% trong tong khdi lugng chat két dinh, cudong d cta gach giam tir 1,1 dén 1,3 lan
khi khong dung tro bay, tuy nhién cuong do cia gach van dam bao theo quy dinh cia
TCVN 6477:2016.

Do thim nude va do hut nude cia gach thay doi khong dang ké khi ham luong tro bay chiém
20% dén 30% trong tong khoi lugng chét két dinh.

Khi thay thé 20% dén 30% xi ming bang tro bay trong thanh phan vat liéu, chi phi vat lidu
dé san xuat mot vién gach hai 16 va gach sau 16 c6 mac M7,5 giam gan 12% so voi khi khong
dung tro bay.

Dinh mtrc thanh phan cip phdi vat liéu khi san xuat gach khong nung bé tong ndi chung cé
thé 14y nhu sau: chét két dinh chiém 15% dén 20% (trong d6 luong tro bay chiém tir 20% dén
30% cua tong khdi lugng chat két dinh), ot liéu chiém 80% dén 85%.
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NGHIEN CUU SU DUNG PHE THAI XAY DUNG VA THAI PHAM
CONG NGHIEP CHE TAO GACH BE TONG RONG

UTILIZING RECYCLED AGGREGATE AND AUTOCLAVED
AERATED CONCRETE TO DEVELOP PAVING BLOCK CONCRETE

KS. Lam Duy Nhat
Vién Khoa hoc cong nghé xay dung, Email: lamnhat2703ibst@gmail.com

TOM TAT: Phé thai tir pha d& cac cong trinh & Viét Nam hién nay chua dugc quan 1y chit ché va giy ra
nhiéu van dé 6 nhiém moi truong, lang phi tai nguyén co thé tai tao. Bén canh d6, mét lugng khong nho
thai pham ctia cic nha may san xuét vat liéu xay dyng nhu bé tong khi chung 4p (AAC) khéng duogc tai
sir dung ma dang chén lap hodc d6 thai. Viéc nghién ciru tai sir dung phé thai xay dung va thai phim cong
nghiép 1 rat can thiét va c6 ¥ nghia lau dai. Bai bao dua ra mot s két qua nghién ciru sir dung cdt liéu tai
ché tir phé thai xdy dung va thai pham cong nghiép 1a phé pham bé tong khi chung 4p (AAC) dé ché tao
gach bé tong rong c6 kha ning thoat nudc mua, ngin nglra ngap lut va gép phan lam giam hiéu tng nhiét
d6 thi. Két qua nghién ctru ¢6 1¢i ich kép vé mit bao vé méi truong. Gach bé tong rdng co tong do rong tir
22,2% dén 41,2% (bao gém do r5ng gilra cac hat va d¢ réng bén trong hat AAC va cdt liéu tai ché), tdc
d6 thoat nudc tir 2,3mm/s dén 9,1mm/s, d6 hut nude dat tir 5,1% dén 16,5%, cuong d6 nén dao dong tir
6,5 MPa dén 19,3 MPa tlly theo d6 rong thiét ké va ham luong AAC sir dung. Gach bé tong nay phi hop
dé tmg dung tai cac bii do xe, via he, 16i di bo, tranh dugc hién tuong ngap lut, dong nudc cling nhu co6
tac dung giam hi€u ung nhiét do thi.

TU KHOA: Phé thai xay dung; bé tong rdng; hut nude va gitt nudc.

ABSTRACTS: Construction and demolition waste in Vietnam is currently not strictly managed and
causes numorous issues of environmental pollution and waste of renewable resources. Furthermore, a
large number of waste by-products from factories manufacturing construction materials, for example,
autoclaved aerated concrete (AAC) factories are not reused, and currently dumped. Researching the reuse
of construction and demolition waste (CDW) and industrial waste is very essentialand hasa
long-term meaning. The article presents research results usingrecycled aggregates from CDW and
industrial by-products (autoclaved aerated concrete (AAC) grains) to fabricate paving block concrete with
the ability of the management of rainwater, prevention of flooding, and contribute to reduce heat-island
effects. The results of the study have dual benefits in terms of environmental protection. Paver block
concrete has 22.2 to 41.2% of total porosity (including the porosity between the particles (inter pore) and
the porosity of the AAC particle and recycled aggregate (intra pore)), 2.3 mm/s to 9.1 mm/s of the
drainage rate, 5.1% to 16.5% of the water absorption reaching, and the compressive strength ranges
from 6.5 MPa to 19.3 MPa depending on the design porosity and the used AAC content. This concrete
brick is suitable for applications in parking lots, sidewalks, walking way, avoiding flooding area, water
stagnation as well as reducing urban heat effects.

KEYWORDS: construction and demolition waste; pervious concrete; water absorption and retention.

1. GIOI THIEU

Theo Vién bé tong My (ACI), bé tong rong (pervious concrete) 1a loai bé tong gan nhu
khong c6 do sut, dung cép phéi hat gian doan gém c6 xi mang Portland, cbt lidu 16n, mot lugng
nhd hodc khong cdt liéu nho, nude va phu gia. Sau khi ran chic tir hdn hop vat liéu trén, bé tong
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s& c6 hé thong 16 rdng thong nhau c6 kich thude tir 2 mm dén 8 mm, tir d6 d& dang cho nudc
chay qua. P9 rdng ciia bé tong co thé thay doi tir 15% dén 35%, cuong do nén tir 2,8 MPa dén
28 MPa. Tdc do thoat nudc cua bé tong nay thay doi tury theo kich thude cbt liéu va khéi luong
thé tich cua hdn hop bé tong, va thudng vao khoang tir 81 dén 730 lit/phat/m* [1]. Bé tdng rdng
dugc dung dé thoat nudc qua 16p bé mit ciia 4o dudng va cho phép nudc mua ngdm vao (qua)
16p dat da (két cAu nén) hodc bay hoi, giam tai dang ké cho hé théng cbng thoat nudc. O mot s6
nude c6 nhiéu bing tuyét, bé tong rdng rat phu hop dé thoat nudc do bang tan [2]. Hé thdng 15
rong ho gitp tiéng on phat ra tir mat dudng duoc tiéu tan di mot phan, hon thé nita ciing chinh hé
théng 16 réng nay cho phép hoi nudc trong dat di qua 1am giai nhiét cho bé tong, 1am mat moi
truong [2]. Tuy nhién, bé tong rong co cudng do khong cao, khong thé bd tri ¢t thép, yéu cau
qua trinh bao tri bao dudng dinh ky tranh lam tic hé thdng 16 rdng, vi viy can c6 nhing tng
dung phu hop dé phat huy hét vu diém va han ché diém yéu cua loai bé tong nay.

Do rong va cac dic tinh 16 rdng quyét dinh cac tinh chat cua bé téng rdng. Trong 4o, do
rong, su phan bd 16 rdng va tinh két ndi cua cac 16 rdng theo chiéu doc (theo chiu d6 bé tong)
quyét dinh dén tinh thAm nudc va kha nang thoat nudc. Tbc d6 thoat nude ty 1€ thuan voi do
rong, qua trinh thi cong va phuong phap dam chit anh hudng dén sy phan b va tinh két ndi cua
16 rdng [3,4]. Bdi véi bé tong rong, ting do rong giup hiéu qua thoat nudc ting nhung lam giam
manh cuong d6 [5]. Vi vy viéc tinh toan dé dam bao cuong d6 phu hop véi muc dich sir dung,
vira dam bao kha niang thoat nudc 1 yéu cau quan trong trong qué trinh thiét ké.

C6 mot s6 nghién ciru da str dung cac phuong phap dé nang cao cudng do cia bé tong rong
trong khi khong 1am anh huong dén do6 rdng thiét ké. Saeid Hesami va cong sy nghién ctru anh
huéng cua tro trdu va ¢t soi dén tinh chat ciia bé tong rong tiéu thoat nude. Nghién ctru chi ra
rang khi str dung thém tro trdu va ct soi thi lam ting cudng do cua bé tong rong tidu thoat nudc.
Str dung tro trau gitp cai thién tinh chit cua chat két dinh, két hop véi cbt soi lam ting kha ning
lién két gitra cac hat cdt liéu [6]. Trong mot nghién ctru khac, nhém tac gia sir dung két hop phu
gia khoang trao bay va silicafume két hop véi phu gia siéu déo nhdm nang cao tinh chét ciia chat
két dinh [7]. Ttr d6 cai thién dic tinh co Iy ciia bé tong réng, cudng do nén c6 thé dat 25 - 30 MPa.

O Viét Nam hién nay, lugng chét thai rin xay dung dang ngay mét gia ting trong khi co ché
quan 1y va xtr Iy con nhiéu bit cap. Luong phé thai xay dung duoc tai ché & Viét Nam khong
dang ké, cho du c6 nhiéu muc tiéu dugc dit ra va di ¢ cac chinh sach rd rang [8, 9]. Viéc su
dung cdt liéu tai ché tir phé thai xdy dung dé ché tao bé tong da kha phd bién trén thé gidi, tuy
nhién & Viét Nam con rat han ché. Vi vay, su dung ¢t lidu tai ché ché tao bé tong rong con rat
moi mé & Viét Nam.

Bé tong rong v6i do rong 10n s& kho dat cuong do cao, khi sir dung cdt liéu tai ché c6 chit
lugng thép hodc trung binh sé anh hudng 16n dén dic tinh co 1y. C6t lidu tai ché duoc st dung
nhu ¢bt 1iéu 16n va ¢6 hai loai chinh duoc nghién tir bé tong va gach dét sét nung. Cot liéu tai ché
ciing c6 thé duoc sir dung két hop v6i chét két dinh geopolymer da ché tao thanh cong bé tong
rong [10]. Bé tong nay ciing dap tmg cc yéu cau k¥ thuat va phu hop véi cac ing dung nhat
dinh. Mot sb nghién ctru khac cling sir dung cdt lidu tai ché lam bé tong rdng, nghién ctru da chi
ra rang c6 thé sir dung cdt liéu tai ché nhur bé tong nghién, khdi xay nghién dé ché tao loai bé
tong rong tiéu thoat nudc [11]. Qua trinh bé tong hoa khong chi giy ra ngap ing ma hiéu ung
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nhiét d6 thi ciing dang 1 van dé dang duoc quan tim giai quyét. Hién nay, nén nhiét d6 ¢ cac d6
thi dang cao hon cac khu vuc ngoai 6, dac biét 1a trong cac ngay néng nong do nhiét do bi hép
thu boi cac vat liéu nhu bé tong, mat duong.

N6 c6 tac dong 16n va tryuc tiép dén muc tiéu thu nang lugng cua céc toa nha cho muc dich lam
mat. Mot sb bién phap k¥ thuat da duoc dé xuét, phat trién va ap dung thanh cong, trong dé anh
hudng cta 16p vat liéu bé mit dén su gia ting hiéu Gng nhiét d6 thi 1a rat quan trong. Giam hiéu
ung nhiét do thi chu yéu dua trén vi¢c st dung cac bé mit c6 kha nang phan xa cao ddi véi bic xa
mat troi, két hop vai kha ndng phat xa nhiét cao hodc sur dung nhiét thu trong qua trinh bde hoi
nudc dé giam bé mat va nhiét do moi trudng xung quanh (mat duong co kha nang giit nudc) [12].
Mit dudng duoc bo sung cac vat lidu rdng c6 kha ning hat va gilt nudc so v6i mit duong bé tong
rong théng thudng dé cho phép nudc chay qua xudng cac 16p nén phia dudi va mot phan nude
duoc giir lai trong vat liéu réng. Stir dung phé thai xay dung va vat liéu c6 cau trac réng nhu bé
tong khi chung 4p AAC ché tao vat lidu bé tong rdng thoat nude va gitt nude duge coi 1a mot trong
nhitng bién phap mang lai nhiéu loi ich va hiéu qua [13,14]. Bai bao nay trinh bay mét s két qua
ban dau vé viéc ché tao gach block bé tong rdng sir dung ct lidu tai ché tir phé thai xay dung (phé
thai bé tong) va phé pham bé tong khi chung ap voi muc tiéu thoat nude bé mit.

2. VAT LIEU SU DUNG VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu str dung

Gach block bé tong rSng duoc ché tao tir cac loai nguyén vat liéu: C6t liéu 16n, hat bé tong
khi chung ap AAC, xi mang, nudc tron. Trong do, cdt licu 16m dugc st dung la 6t liéu tai ché tir
phé thai bé tong, kich thudc hat tir 5 mm dén 10 mm, dugc dap, nghién va sang dung kich thudce
(trong qué trinh chon Iya va dap nghién phé thai khong thé trach khoi viéc c6 mot ham luong
gach nho 1an trong bé tong véi ham luong tir 2% dén 3%, anh hudng ciia ham luong gach trong
cdt lidu tai ché s& dugce dé cap dén trong cic nghién ctru khac). Tong hop cac tinh chit cua xi
méng va cac tinh chét cta cbt liéu tai ché duogc thé hién trong Bang 1 va 2.

Str dung xi mang podc ling hon hop PC40 But Son, cac chi tiéu ky thuat ciia xi ming dap
{mg yéu cau tiéu chuan Viét Nam TCVN 6260:2009

Bang 1. Céc tinh chét co ban clia xi mang pooc ling PC 40

STT Tinh chat thi nghiém Ponvi | Tiéu chuin quy dinh Két qua
1 |Luogng sot sang No.009 % <10 0,40
2 |D6 min Blaine cm’/g > 2800 4169

Khdi luong riéng g/em’ - 3,10
Thoi gian dong két:

4 |Batdau phut >45 150
Két thiic <420 230
Cuong do nén:

5 |Sau 3 ngay MPa > 18 29,75
Sau 28 ngay >40 43,00
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Bang 2. Tinh chit cua cbt liéu tai ché

STT Tinh chét thi nghiém Ponvi | Cbtliéu tai ché
1 Khéi luong riéng g/cm’ 2,65
2 |Khéi lugng thé tich x6p kg/m’ 1310
3 |Khdi luong thé tich Ién chat kg/m’ 1430
4 |Khéi lugng thé tich hat & trang thai kho hoan toan g/cm’ 2,3
5 |Do hit nudc cua cdt liéu & trang thai bdo hoa kho bé mat % 6,85
6 Ham lugng hat thoi det g/cm3 3,9

Phé pham bé tong khi AAC dugc lay tir nha may Bé tong khi Viglacera tai Yén Phong, Bic
Ninh. Cac phé phiam nay gém cac dau thira khi cat, cac vién gach block phé pham do nit, v&.
Tac gia st dung phé pham ciia gach AAC cap B4 theo TCVN 7959:2017 [15], ¢6 cudng do chiu
nén trén 5MPa, khdi lugng thé tich kho tir 751 kg/m’ dén 850 kg/m’ . Phé pham AAC duogc dap
nho va sang lay kich thudc yéu cau.

2.2. Tinh toan cp phoi

Viéc tinh toan thiét ké cép phéi bé tong rong sir dung cbt liéu tai ché duoc thue hién theo
Phu lyc 6 cua tai liéu ACI 211.3R-02 [17]. Nguyén tic chung 1a dua trén do rdng thiét ké va cac
bang tra mdi quan hé gitta do rong thiét ké, kich thudc cbt liéu 16n véi luong hd xi mang. Thé
tich cdt lidu (cot liéu tai ché va hat AAC) duoc xac dinh sau khi biét 6 rong va thé tich ho xi
mang. Ty ¢ nudc/xi mang dugce chon 1a 0,33 (Theo ACI 522R-10, ty 1€ N/X thuong tir 0,26 dén
0,45 [18]), hat AAC sir dung c6 kich thudc tir 2,5mm dén Smm va ham lugng thay dbi tir 5,10 va
15% (theo thé tich). Ty I¢ hat AAC st dung dua trén két qua céc thi nghiém tham do dé dam bao
cuong do bé tong c6 thé phu hop voi mot sé ing dung. DO rdng thiét ké thay doi tir 15,20, va
25% (Hinh 1)(cac muc do rong nay dam bao kha ning thoat nudc va khong anh huéng qua 16n
dén cuong do) [18]. Thanh phan cap phdi bé tong rng duoc tong hop trong Bang 3.

Bang 3. Cap phdi bé tong rong

STT Do rong Ham luqngq AAC Xi mang C6t lidu AAC Nudc
% (% theo thé tich) (kg) (kg) (kg) (lit)
1 0 413,7 1384,5 0 136,5
2 5 413,7 1265,1 40 136,5
3 b 10 413,7 1145,7 80 136,5
4 15 413,7 1025,4 120 136,5
5 0 337,1 1384,5 0 111,3
6 5 337,1 1265 40 111,3
7 20 10 337,1 1145,7 80 111,3
8 15 337,1 1026,4 120 111,3
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Bang 3. (tiép theo)

STT Do rong Ham luo’ng AAC Xi mang C6t lidu AAC Nudc
% (% theo thé tich) (kg) (kg) (kg) (lit)

9 0 268,2 1372,5 0 88,5
10 5 5 268,2 1253,2 40 88,5
11 10 268,2 1133,8 80 88,5
12 15 268,2 1014,5 120 88,5

2.3. Phwong phap nghién ctiru

a) Cdc tiéu chudn dp dung

STT Tén thi nghiém Tiéu chuén thi nghiém
1 X4c dinh d6 rong cua bé tong ASTM C138
2 Xac dinh cuong do nén TCVN 3118:1993
3 |Xac dinh cuong d6 udn TCVN 3119:1993
4 Xac dinh cac dac tinh thuy luc JIS A5371:2016

b) Quy trinh trén diic mdu va bdao duéng

Quy trinh tron bé tong rong tuong tu nhu quy trinh tron bé tong thong thuong. Tuy nhién, véi
cdt lidu tai ché va hat AAC c6 d6 hut nude 16n (twong ung 6,85% va 75,7%), cao hon rat nhiéu
14n so véi ¢t lidu tu nhién, nhom tac gia dé xuat quy trinh tron hai budc. Bude thi nhét, tron 4m
c6t lidu tai ché va hat AAC véi lugng nudce béng 80% dén 90% lugng nudce tinh theo do hut
nude bdo hoa kho bé mit cia ting loai c¢dt lidu (Iwong nudc ndy doc lap véi ty 18 N/X). Quy
trinh nay c6 hai tic dung: Mot 1a ngin khong cho ho xi mang lién két sau vao ciu tric réng ciia
hat AAC, lam gidm kha nang hit nudc cia hat AAC. Budc thtr hai ciia quy trinh trdn dugc tién
hanh theo thtr tu: Cot lidu 16n tron véi xi mang, sau d6 thém nudc va hat AAC dugce cho vao
cudi cung. Qua trinh trén dam bao cac hat AAC khong bi pha v& cdu tric, phan bd déu va nim
giita khoang tréng cac hat cbt liéu tai ché, 16 rong phan bd dong déu (Hinh 2).

Céu tric rdng AAC C6t lidu tai ché

Hinh 2. Ciu triic mau gach bé téng
quan sat bang mat thudng sau khi uén giy

Hinh 1. Cap phdi bé tong rong
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Khuén miu dugc ché tao theo vién gach bé tong tiéu chudn (TCVN 6477:2016) [19] ¢ kich
thudc 60x100x21mm. Hon hop bé tong duoc cho vao khuon thanh 2 16p, dung bay k¥ thuat Ién
chit vao cac goc, dam chat va 1am phang bé mat. Mau sau khi dugc bao dudng trong khudn mot
ngay duoc thio khudn va ngam trong nudc dén 28 ngay. Mdi cip phdi dugc ché tao 02 t6 mau
(6 vién) dé xac dinh cac chi tiéu va thong s6 k¥ thuat.

¢) Thi nghiém xac dinh do thoat nudc (téc dé tham nuoc)

Phuong phép thi nghiém dua trén lugng nudc chay qua tiét dién mau véi dong chay on dinh
(Constant head). Nguyén tic thi nghiém duwgc mo ta trong Hinh 3. Téc d6 thoat nuéc duoc tinh
toan thong qua lugng nudc chay qua mot dién tich bé mat mau trong khoang thoi gian 30 gidy.

Cong thure tinh toan:

K= (L) (cm/s)
F.Ah.30.100

trong do: K - hé s6 thoat nude hay tbc dd thAm nudc, F - tiét dién ngang ciia mau gach bé tong, sz;
L - chiéu cao (chiéu dai duong thdm) cta mau, cm; Ah - chiéu cao chénh léch cot nuée (giita
khay trong va khay ngoai), cm; Q - lugng nudc chay qua miu trong 30 gidy, cm’.

s Khay trong
Tam cao su

bao quanh -
méu \ p/

Nudrc cap vao Khay trong e
;! ; Ong chay tran
Tam cao su_ | ¢ g

Ah !
7 7 s i
X v % o~ Nudc chay!
¢ Mau L6 chay tran w ; . Médu /; ,S’ gua mau
D

Khay nwéc ngoai
Hinh 3. Nguyén 1y xac dinh toc do thoat nudc

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. X4c dinh d¢ rong ciia bé tong

Pé xac dinh do rdng cua bé tong rdng tiéu thoat nudc duoc tinh bang ham luong khi theo
phuong phap phan tich trong luong theo ASTM C138, ta tién hanh can trong nuéc cac mau try
c6 duong kinh 10cm va chiéu cao 20cm. Trinh ty tién hanh nhu sau: Pau tién xac dinh thé tich
ctia mau V, rdi ngdm ngdp mau trong nudc trong thoi gian 24 gid. Gio ludi duge treo vao can
dién tir va tha chim trong thung chira day nudc, doi cho muc nudc 6n dinh va ding but myc danh
dau myc nude. An nat can dién tir vé& muc 0,00. Sau d6 dua mau vao gio tir tir, dé cho mau 6n
dinh thoat hét khi trong mau rdi mac bét nude ra vé muc da danh dau. Sau d6 ghi lai khéi luong
mAu ¢ trang thai can trong nudc. Ly mau ra dé rio nudc rdi dua vao ta sdy 6 105°C trong 24h.
Lay mau ra dé nguoi va can khéi luong mau kho ngoai khong khi.

Do rong clia bé tong rong tiéu thoat nuéc duge xic dinh theo cong thirc:
[Wz -W,

px 'Vol

V. =

T

—1}.100%
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Trong d6: W1: khéi lugng miu trong nude, gam;

W,: khéi lwong mau kho, gam;
3

2

Voi: thé tich mau, cm

px: khéi lwong riéng cia nuée, g/em’.

Hinh 4. X4c dinh d6 rong ctia bé tong thoat nudc

Do rong tong clia bé tong rong st dung AAC 1a 16n hon véi bé tong khong sir dung AAC
(mau 0% AAC). Véi quan niém cac hat AAC sir dung trong hdn hop nhu 1a mét loai cdt liéu
(thay thé cbt liéu tai ché theo thé tich), d6 rdng cua bé tong bi anh hudng do kich thudc AAC va
d6 rong trong hat AAC. Nhin vao két qua cho thdy, tong do rdng tang lén khi ting ham luong hat
AAC sir dung. Diéu nay c6 thé giai thich do d6 rdng ciia hat AAC rét cao, kha ning hit nudc
khoang 75% - 80%, do véy khi c4n khdi lwong mau trong nudc & trang thai hat nude bio hoa,
tong do rong duoc xac dinh di bao gdm 15 réng trong hat AAC va rdng trong cdt lidu tai ché (1
rong cho phép nude hut vao va chiém chd).

43

D6 réng thiét ké 25%
g w0 ‘
g . ek
8 35 . e
) ™
g
E 25 ® Do 1dng thiét ké 20%
g = R
0 Do rong thist ké 15%
15
0 5 10 15
Ham lvong AAC (%)

Hinh 5. Mdi quan h¢ gitta ham luong AAC va tong do rong

Nhan xét: Do rdng thiét ké ting 1én thi tong do réng thu duoc ciing ting 1én tuong tng
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3.2. Anh hwéng ciia dd rong va ham lwong AAC dén cuong dd

bdc tinh co Iy phu thudc nhiéu vao céc yéu td: téng do réng, do r5ng thiét ké, cuong do cua cot
lidu va ham luong cta hat AAC. Hinh 6 (Ham lugng AAC 5%) cho thdy khi ting d¢ rong thi
cuong d6 giam manh. Trong d6 cudng d6 nén cd xu huéng giam manh hon cudng d6 ubn. Quy
luat 1a tuwong ty véi cac ham lugng AAC 10% va 15%.

O tat ca cac do rong thiét ké khac nhau, khi ting ham lugng AAC thay thé cbt liéu tai ché thi
cuong do ctia mau giam trong khi tong d6 rdng (46 rdng giita cac hat va do rdng trong hat) ting
1én. Do cuong do hat AAC 1a rat yéu, voi kich thudce hat nhé tir 2,5 - 5 mm, mot ph'?ln hat AAC
s& phan bé giita khoang tréng gitta cac hat cdt lidu (Iam thay d6i cdu tric rdng cia bé tong), mot
phan ndm xen k& véi vai trd nhu cac hat c6t liéu s& 1am giam kha ning chiu luc ctia bé tong. Quan

hé gitra AAC, tong d6 rong va cudng d6 thé hién trong Hinh 6.

45 16 =

o
= 14
£ 40 > 2
- B
*‘g 35 10 2
‘o 8
gﬂ 30 5 o
B s * g
2
20 0
0 5 10 15
Ham hrong AAC (%)

Hinh 6. Quan h¢ giita ham luong AAC, téng d6 rong va cudong do
(Ung véi d6 rong thiét ké 25%)

Nhan xét: Luong AAC cang cao thi anh huong dén cudong d6 cang 16n va cang lam ting

tong do rong cua bé tong, quy ludt nay dung véi tit ca cac do rong thiét ké khac nhau.

3.3. Anh huéng ciia @9 rdng va ham lwgng AAC dén tdc d9 thoat nwée

Hat AAC thay thé ¢t liéu 1am ting tong d6 rdng, tuy nhién, téc do thoat nude phu thude vao do
rong gitta cac hat chir khong phu thudc vao do rdng trong cac hat. Vi vy, tic gia phan tich mbi
quan hé gitra tong do rdng, tbc do thoat nudc véi ham lugng AAC st dung. Khi ting ham luong
AAC, tong do rdng tang 1én, tuy nhién, téc d6 thoat nudc lai giam di (Hinh 8). Diéu ndy co thé giai
thich do cac hat AAC mot phﬁn da phan bd & khoang tréng gifra cac hat cdt liéu, cac hat AAC ¢6
kich thuéc hat 2,5 - 5 mm thay thé cbt lidu tai ché co kich thude tir 5 dén 10 mm da lam thay ddi
thanh phan hat va lam giam d6 rdng giita cac hat cbt liéu tai ché hodc 1am thay doi dic tinh cua 16
rong (hé thong 16 rdng thong nhau), do d6 lam giam tdc d6 thoat nudc. Tong d6 rdng ting 1én 1a do
d6 rdng trong hat AAC. Do rdng niy khong gbp phan lam tang toc do thoat nude. BE khang dinh
nhan xét ndy, tac gia s& phan tich trong cac nghién ciru tiép theo vé vai trd va mdi quan hé giita cua
loai d6 rdng véi tong do rong va céac tinh chat ctia bé tong. Hinh 7 cho thay tdc do thoat nudc phu

thudc rat 16n vao do rong thiét ké (thé hién qua su chénh 1éch giita ba duong).
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Hinh 8. Quan hé giira tong do rong,

Hinh 7. Méi quan hé gitra toc do thoat )
toc do thoat nude va ham lugng AAC

nudc va ham lugng AAC

Nhan xét: Do réng thiét ké 15% chi cho tdc d6 thoat nude tir 2,3 mm/s dén 3,8 mm/s, trong khi
do r(:)ng thiét ké 25% cho do thoat nudc tir 6,5 mm/s dén 9,1 mmy/s. Tuy nhién, moi lién h¢ gitra
téng do rong, d6 rong thiét ké va ham lugng AAC can duoc khang dinh trong cac nghién ctru tiép
theo khi danh gia cu thé ting thanh phan do rong va vai tro ciiaching.

4

3.4. Anh huéng cia tong dd rong dén cwong do va tde dd thoat nwée ciia gach bé tong
Cuong d6 nén 1a dai lugng phu thudc vao nhiéu yéu td, trong d6 do rdng co tinh chit quyét
dinh. D4i v6i gach bé tong rong, viéc xac dinh mbi quan hé gitra do rong, cudng do va téc do
thoat nude 13 rat quan trong. Dac biét khi st dung hat cdt liét AAC, d6 rdng trong bé tong dong
vai trd thoat nude va giir nudce, vi vay can thoa man ca kha ning thoat nude, gilt nude va cuong

do cua gach bé tong. Hinh 9, 10 thé hién mbi quan hé gitra cac dai lugng néu trén.
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Cuémng 46 nén (MPa) Cirdng 46 ubn (MPa)
Hinh 9. Quan h¢ gilra cuong d6 nén véi tong Hinh 10. Quan h¢ gitra cuong do uon
d6 rong va toc dg thoat nudc véi tong do rong va toc do thoat nudce

Nhan xét: Cuong do udn va nén déu giam khi ting téng do rong, cuong do nén giao dong tir
6.5 MPa dén 19.3 MPa vi vay, dé dap tmg cuong do chiu uén, nén phu hop cho timg tng dung,
ta can lua chon tong d6 réng pht hop nhung van dam bao do thoat nude.
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Mot két qua dang chii y, v6i cing mot cudng do nén (ubn) co thé c6 tée do thoat nude khac
nhau. Diéu nay phu thudc vao do rong thiét ké va ham lugng hat AAC sir dung. Vi du, v6i cuong
d6 nén 10 MPa, c6 thé c6 vién gach toc d6 thoat nude 8,5mm/s hodc co vién khac co téc do chi
13 4mm/s (Hinh 9). Vi vy, mudén chon cip phdi nao pht hop can cin ctr thém thong sb thir 3 1a
tong do réng, hay noi cach khac 14 yéu ciu vé d6 hut nudc va giir nudc cia bé tong.

4. KET LUAN

Dua trén két qua nghién ctru, tac gia dua ra mot s6 két luan sau: Cot liu tai ché tir phé thai
xdy dung va thai pham cong nghiép hoan toan c6 thé sir dung dé ché tao gach bé tong rdng c6
kha ning thoat nudc va gilt nude. V4i gach bé tong rong v6i cudng do nén tir 6,5MPa dén
19,3MPa, téc do thoat nude tir 2,3 mm/s dén 9,1 mmy/s. Tuy vao muc dich st dung co thé lua
chon ty 18 AAC va do rong thiét ké phu hop dé vira dap ting cudng do, téc do thoat nude va kha
nang hut va gilt nude.

Kién nghi cin nghién ctru thém dic tinh thuy luc, tc d6 nha nudc cua gach bé tong rong dé

dam bao day du chi tiéu k§ thuat dé c6 thé tmg dung san phdm trong thuc té.
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UNG DUNG PHONG THUY O HO TINH TAM - HUE
FENG SHUI APPLICATION IN TINH TAM LAKE - HUE

ThS. Phan Thuan Y
Vién Khoa hoc cong nghé xay dung, Email: phanthuany@gmail.com

TOM TAT: Thuat Phong thily cang ngay cang boc 10 rd tinh khoa hoc hon 13 tim linh, cho thiy sy lién
hé mat thiét gitra diéu kién tw nhién va cong trinh kién tric. Ap dung thuat Phong thity 1a mot bude quan
trong trong viéc chon dat, chon hudng, cudi cing méi dén viée bd tri cac don nguyén kién trac dé tao nén
mot tong thé hai hoa nhu chung ta dang thay & di tich Hué hién nay. H5 Tinh Tam 1a mot vuon ngy von
khong c6 y dinh tao vuon ngay tir ban dau, ma duogc cai tao tir mot khu vuc kho cua tridu dinh, nén viéc
tng dung thuat Phong thity khéng dugc theo “quy trinh thudn” nhu vira ké trén. Chinh vi I& d6, di tich ho
Tinh Tam c6 mot didc trung riéng vé Phong thily ma khong phai ai ciing c¢6 thé nhin nhén ra.

TU KHOA: Ho Tinh Tam, tmg dung, Phong thuy.

ABSTRACTS: The art of Feng Shui is increasingly revealing more science than spirituality, which is an
intimate relationship between natural conditions and architecture. The art of Feng Shui is an important step in
choosing the land, the direction, and finally, the arrangement of architectural units for creating a harmonious
complex as we are seeing in Hue monuments nowaday. Tinh Tam Lake was a royal garden that did not intend
to be created as a garden at the beginning, but was renovated from a warehouse area of the court, so the
application of Feng Shui art is not according to the "right process" as mentioned above. Because of that, Tinh
Tam Lake relic has a unique characteristic of Feng Shui that not everyone can recognize.

KEYWORDS: Tinh Tam Lake, Feng Shui.

1. GIOI THIEU CHUNG

Phong thuy néi chung 13 mot linh vic rong 16n, c6 lién quan dén nhiéu mit cta cudc sdng
con ngudi. Xuit hién ¢ Trung Qudc tir hang nghin nim trudc, cho dén nay, Phong thuy di lan
rong sang nhiéu nudc khac trong khu vuc, ké ca mot sé nuéc phuong Tay. La mot nude trong
khéi déng van, tir xa xua, Vi¢t Nam ciling da tiép nhén va g dung trong moi mat, dac biét trong
quy hoach xay dung (gdm ca Duong phan va Am phan). Tuy 1a mdt bd mon chua dugc khoa hoc
chimg minh, dbi véi nhidu ngudi van con 1a sy bi an, nhung nhin vao tdam anh huéng va su
truong t6n qua thoi gian, Phong thily van 14 linh vuc khong thé khong quan tim khi nghién ctru
vé bét ky di tich nao, ddc biét 1a nhing di tich & Hué.

1.1. Khai niém co ban vé Phong thiy

Trong ky yéu hoi thao khoa hoc 2007 vé& Phong thity trong kién triic va quy hoach xdy dung,
PGS. TS. KTS Tran Trong Hanh d3 c6 mot s6 tom luge tong quan vé tmg dung thuat Phong thay
nhu sau:

“Phong thuy la sy két hop giita nghé thudt va khoa hoc, nham luwa chon dia diém xdy dung,

bé tri scfp dat co cdu quy hoach xdy dung... mot cach co loi nhat, dé dat dwoc sy hai hoa véi méi
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trieong xung quanh, nho dé ma c6 dwoc sw phdt trién bén viing... N6 la san pham ciia lich si va
phuc vu cho cudc song con nguoi” [1].

C6 rat nhiéu tai liéu khac nhau néi vé cac truong phai trong Phong thuy, tuy xuét phét tir mot
gbc, nhung tily vao timg Gmg dung cu thé dé chia thanh cac phai, cac nhanh khac nhau. V& quy
hoach xay dung, co6 thé thiy rd 2 phai ndi bat c6 tinh bao trim 1a Hinh thé va Ly khi.

- Phdi Hinh thé chu yéu lay dia hinh, dimng tu ctia son mach, thiy luu dé xac dinh vi tri va
huong nha.

- Phdi Ly khi lai ding la ban 1am cong cu chinh dé xac dinh phwong vi, rdi cin ctr vao céc ly
thuyét ciia am dwong, ngii hanh, bat quai, ctru tinh, Ha lac ma tinh toan dé xac dinh quan hé tuong
sinh, twong khic, phan doan diéu tot diéu xau cho gia chu; phai Ly khi mang tinh phén doéan triru
tuong 13 chinh, chtr khong quan tAm nhiéu dén hinh dang cu thé cua dia hinh chung quanh.

PGS. TS. KTS Tran Trong Hanh da trich dan 3 truong phai Phong thuy c6 trong bai viét
cua minh:

“_ Truwong phdi méi sinh: sir dung hiéu qua cdc diéu kién t nhién, truong phdi ndy con goi
la hinh thé hay dia hinh;

- Truong phdi la ban: xem xét thién van, doan van ménh trén co so dung la ban dé chon dia
diém thich hop xdy dung ché & cho con ngwoi. Trieong phdi nay dwa trén kinh dich, nham lién
két cdc dong chay nang heong tw nhién cia vii tru;

- Truwong phdi triee gide: mé phong va ddt tén cho cdc thé ddt mang tinh éan du nhw long
chau, hé phuc ... Trong “Thity Long kinh”, nguoi xwa da thé hién chi tiét vé nhitng “cudc ddt tot
nhat dé xdy dwng nha va cit mé ma”” [1].

C6 thé gop trudng phai méi sinh va tryc giac vao nhém trudng phai Hinh thé dé dé nhan biét
vi déu dua trén dia 1y tu nhién hodc nhan tao. Du 1a thudc trudng phéi ndo, nguyén 1y hoat dong
ctia Phong thity van duogc dua trén 5 yéu t6 chinh: Pao, Am duong, Khi, Ngii hanh va Kinh dich
(bat quai). Va trong kha nhiéu truong hop, nguoi ta van dung két hop hai trudng phai voi nhau.

1.2. Phong thity trong quy hoach xay dung cac di tich triéu Nguyén & Hué

Tir cong trinh 16n dén cong trinh bé, tir cung dién ¢ dén lang tim, thuat Phong thity ludn c6
chd ding quan trong, anh hudng tryc tiép dén viéc chon dat, chon hudng, chon truc cho cong
trinh chinh. Sau day 1a mot s6 dan chimg tiéu biéu cho ¥ kién vira néu.

Trudce tién, vi du 1 co6 tinh bao quat va ro rét nhét chinh 1a quy hoach Kinh Thanh, c6 su ké
thira tir cac triéu dai trudc va chinh thirc duoc thue hién vao nam 1804. Cac thuc thé dia Iy tu
nhién di dugc hinh tugng hoa va dit tén theo cac phuwong huéng (mau sic) hodc chirc ning: nii
Ngu Binh 1a “tién an”, doan séng Huong trudc mat lam “minh dudng”, hai con dét trén séng
Huong dugc chon 1am “ta thanh long” (con Hén) va “hitu bach hd” (con Di Vién), dua vao dia
thé ddy, truc chinh ctia Kinh Thanh dugc chon lya hoi chéch vé phia dong nam (hinh 1.a). Ngoai
ra, mdt sd cdy cau chung quanh Kinh Thanh ciing da dugc dat tén dya trén phuong huéng va
mau sic lién hé ciia chung dbi véi vi thé trung wong: cau Thanh Long, ciu Thanh Tudc (thanh:
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mau xanh) ¢ phia dong, cAu Bach Ho, ciu Bach Yén (bach: mau tréng) O phia tay, ciu Huyén
Yén, cau Huyén Hac (huyén: mau den) & phia bic (hinh 1.b).

%\
/ chu
CON HEN BACH

"TA THANH LONG" YEN

CON DAVIEN
"H{U BACH HO"

B
% DAN NUI NGU BINH

B
0 1 2KM NAM ‘ 0

Hinh 1.a. Kinh Thanh Hué véi cac yéu tb Hinh 1.b. Cac cy cau chung quanh
dja 1y tu nhién dugc hinh twong hoa Kinh Thanh dau thé ky XIX duoc
theo thuat Phong thuy dat tén theo phuong hudng

Hinh 1. Ung dung Phong thay trong x4y dung Kinh Thanh Hué

Vi du thir 2 1a ling Gia Long, noi yén gidc cta vi vua ddu tién cta triéu Nguyén ciing di
duoc chon dit mét cach k¥ ludng, dugc chinh thirc xay dung vao nam 1814, sau khi Thira Thién
Cao Hoang hau mat. Lang ndm an minh trong khéng gian ky vi, chon 42 ngon nui chung quanh

Hinh 2. Dinh nui Pai Thién Tho nim ngay chinh giita hai ngdi mé ctia vua va hoang hau
(ngudn: Reds)
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lam “la thanh” tg nhién, trong d6, truc chinh ctia khu vuc lang hudéng dén dinh nai Pai Thién
Tho 14 yéu t6 “tién an”, hd Dai la “minh dudng”. Lang lam theo kiéu song tang, hai ngdi mé cua
vua va hoang hau cach nhau 1 gang tay [2]. Khi nhin vao vi tri thing goc ciia noi tiép giap gitta
phén noéc hai ngdi mo vua Gia Long va Thira Thién Cao Hoang hau, s€ nhan ra dinh Pai Thién
Tho ndm & vj tri chinh giita (hinh 2).

Vi du thir 3 1a dan Nam Giao: Pan duoc doi .
¢ vi tri hién tai va chinh thirc xay dung vao nim 2
Ve Vi : a1 v ‘ xay .g,V ! f . M\\/ZSED
1806, c6 vi tri phia nam Kinh Thanh Hué. Pan té 2228 —

gdém 3 tang 16n nhé chdong 1én nhau theo thuyét

@[z

Tam tai: Thién - Dia - Nhan. Mdi tang mang mot

hinh dang va mau sdc riéng: troi tron, dat

vuong... Tang trén hét hinh tron, tuong trung cho
troi, lan can quét voi mau xanh, dén ngay Té

—
—
.
w '@
=
|——
- -
—_——
~

Giao, mgt ngdi nha hinh nén lgp vai mau xanh 6 =
(Thanh Oc) dugc dung 1én. Tang ké hinh vudng, s
tugng trung cho dit, lan can quét voi mau vang, ey

dén ngay 18, ngudi ta dung 1én & d6 mot cai nha
vuong lop vai vang (Hoang Oc). Tang dudi cing
cling hinh vudng, lan can quét véi mau do, tugng
trung cho nguoi (xich tu: con do). Pan Nam Giao

quay mit vé huéng nam, chung quanh khuén vién |

1a vong la thanh co trd 4 cira & 4 mat. Trong dip =

té, & mdi clra cdm hai 14 c& dai véi mau sic khac
nhau: cira bic mau den, cira nam mau do, cira  Hinh 3. Mat bang tong thé dan Nam Giao
d6ng mau xanh, cira tdy mau trang. Nhu vy, hinh thirc, phuong hudng va mau sic cua kién trac
dan Nam Giao déu ap dung nguyén taic Am duong, Ngii Hanh ctia Dich hoc [3].

Céc vi du trén mang tinh dién hinh, déu 13 nhiing céng trinh dugc xay dung sém dudi tricu
Nguyén, cho thiy rang thuat Phong thuy khong nhét thiét phai c6 day du cac yéu td theo nhu quy
dinh, va c6 thé két hop cac trudng phai ¢ v6i nhau (méi sinh, la ban va truc giac). Suy cho
cung, nhitng tmg dung Phong thity nay gitp cho chii nhan tin tudng rang cudc dat duoc lwa chon
xdy dung cong trinh c6 sy tu khi, s& nhan duoc ngudn niang luong tot tir ty nhién, gitp con nguoi
6 su két ndi giao hoa voi troi dat thién nhién.

2. DI TICH HO TINH TAM

2.1. Lich sir hinh thanh va xiy dung ho Tinh TAm

Hb Tinh Tam 13 ddu vét con lai cia doan song Kim Long khi nguoi ta 1ap con song nay lai
dé xay dung Kinh Thanh Hué vao nam 1805, dat tén 1a hd Ky Té. Trén ho, dap 2 bii ndi dé chua
thude sung va diém tiéu. Pén nam 1838, trong mot 1an dén kiém tra khu vuc kho nay, vua Minh
Mang d3 cam nhan duogc vé dep canh quan noi day, nén quyét dinh doi 2 kho vira ké qua hd Hoc
Hai va cai tao hd Ky Té thanh vuon Ngu dé vui choi, nghi ngoi va dit tén thanh hd Tinh Tam.
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Dua theo sur li¢u va khao sat hién trang, hd Tinh Tam véi téng dién tich khoang 12,88ha, co
mit bang 13 hai hinh chit nhat sat canh nhau, dé Kim Oanh ¢ giita (tir d6ng sang tiy) ngin cach
hd bic va hd nam. Trén mit hd Tinh TAm c6 ba hon dao: Bong Lai, Phuong Truong va Doanh
Chau dugc xay dung rat cau ky, kiéu thirc nhu mot vuon ngy uyén bat nhit cia Hoang gia.
Chung quanh h6 13 hé thong la thanh véi 4 ctra ra vao & 4 hudng: Xuan Quang (phia déng), Thu
Nguyét (phia tdy), Ha Huén (goc tdy nam), va Pong Hy (phia bic). Trén hai dao 16n 1a dao
Phuong Truong va Bong Lai c¢6 rt nhiéu cong trinh da dang dugc dat tén khac nhau, hai déo nay
ndi véi @& Kim Oanh bang hai chiéc cau c6 mai che c6 tén 1a Bich Tao (phia bac) va Hong Cur
(phia nam). Trén dé Kim Oanh, c6 2 chiéc cau nho ciing c6 mai che tén 1 cau Luc Liéu (phia
d6ng) va cau Bach Tén (phia tay).

Con bao 16n nim 1904 di pha hiy hau hét cac cong trinh trong khu vuc ndy. Canh sic noi
day dan diéu tan va khong dugc tu stra 1an nao. Nam 1928, vua Bao Dai cho xay dinh Bong
Doanh trén nén dién Bong Doanh va ciu Hong Cir ciing v6i hé thdng lan can chung quanh dao.
Sau khi triéu Nguyén két thac (1945), vao nhiing nam 1947, 1960, 2012, va 2020, don vi chu
quan co6 cho stra chita cai tao mot s6 hang muc nho. Tong thé khu vuon hién dang ¢ trong tinh
trang hu hong, Xuéng cép, bi nha dan l4n chiém nghiém trong, kho nhan théy dugc vé dep trudce

day da duoc vua Thiéu Tri Xép vao vi tri thir 3 trén 20 thrfmg canh cta dat Than Kinh [4].

a0
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Hinh 4. Ban v& hd Tinh Tam (No6i Cac triéu Nguyén thuc hién nam 1844, ngué)n: BAVH, 1922)

Cha thich:
1. Pao Bong Lai; 2. Pao Phuong Trugng; 3. Pao Doanh Chau; 4. Cong Xuan Quang;
5. Cong Thu Nguyét; 6. Cong Pong Hy; 7. Cong Ha Huén; 8. Bé Kim Oanh;
9. bién Béng Doanh; 10. Lau Trung Luyén; 11. Ta Thanh Tam; 12. Gac Nam Huén;
13. Lau Tinh Tam; 14. Khuac Ta; 15. Thuyén Xuéng; 16. Cau Bach Tan;
17. Cau Luyc Liéu; 18. Cau Hong Cir; 19. Cau Bich Tao; 20. Pinh Tt Thong; 21. Tinh Tam Than T
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Hinh 5.a. Mt bang ao Ky Té Hinh 5.b. H6 Tinh TAm Hinh 5.c. HO Tinh Tam
(1805-1838) thoi ky som (1839-1904) thoi ky mudn (1928-1945)

I=

Hinh 5. Sy thay d6i caa hd Tinh Tam dudi tridu Nguyén

Hinh 6. Tong thé h6 Tinh TAm hién nay (2021)

2.2. Ung dung Phong thity & di tich hd Tinh Tam

Céc vi vua triéu Nguyén déu dén day thuong canh, hong mat va di 1am rat nhiéu bai tho ca
ngoi phong canh hd Tinh Tam. Nét dep cua HO d duoc miéu ta mot cach ngan gon nhu sau: “O
ho Tinh Tam cé nhitng ngéi dién xinh xdn nam trén cdc hon ddo lom chém nhitng hon da son
xen lan véi nhiéu loai cdy coi, ddy leo va hoa c6. Dinh dién & ddy c6 kich thude nhé bé hon cdc
lau dai thuong thdy, nhung sw can doi thi my 1é hon. Nhitng céng trinh kién triic trong ho tuy
Iong lay nhung rdt gian di” [5]. Nhung liéu vé dep cta hd Tinh Tam chi dimg ¢ nhiing cam quan
bang mét thuong hay c6 ham ¥ gi sau xa hon thé? Ciing nhu cac vudon Ngu khac & Hué, hd Tinh
Tam 1 bang chtng vat chit vé mot tha choi cao cap cia cac vua thoi do: tha choi vuon. Nhitng
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khu vuon thé hién khong nhimng tiém lyc kinh té, ma con néi 1én su phong pht trong ndi tim va
nhan sinh quan vé vii try cta chi nhan. Cac tén goi xua kia déu dugc dit theo chit Han 1a ngon
ngir chinh thie duoc tridu Nguyén sir dung vao thoi gian do, thir dich nghia tén goi timg cong
trinh (c6 lién quan dén ndi dung nghién ciru) trong tong thé cum di tich nay:

Bang 1. Dich nghia tén mét s cong trinh trong cum di tich hd Tinh Tam

Tén goi Vi tri Dich nghia

Tinh Tam Tinh: got rtra, 1am cho sach, Tam: tam long, Tinh Tam: "got sach tam long",
g0t bd moi phien mudn trong long. Tén nay dugc dat cho HO voi y muon 1a noi
de vua dén giai mudn, quén hét moi au lo vuong van

Bén cong & 4 phia

Xuan Quang dong Anh sang mua xuan

Thu Nguy¢ét tay Anh tring mua thu

Ha Huén nam Con gi6 mua he

bong Hy béc Anh sang md giira mua dong

Pé Kim Oanh va 4 ciy cau c6 mai

Kim Oanh Trung tdm |Chim oanh mau vang
Luc liéu dong Cay liéu mau xanh
Bach Tan tay Rau tan mau trang
Hong Cir nam Hoa sen mau do
Bich Tao bac Cay rong mau xanh

Mua p on g
(Hanh Tp, ay)

Mua Thy

(Hanh Kim)

Hinh 7. Tén cic cong chung quanh hd Tinh Tam duoc dit theo 4 miia trong nam
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Bich Tao

(phia béc -

mau gcanh
dam, gan den)

Bach Tan Kim Oanh Luc Liéu
(phia tay - (trung tam - (phia dong -

mau tring) mau vang) mau xanh)

Hinh 8. Tén céac cdy cau ¢ trung tAm hd Tinh Tam duogc dit tén theo mau sic
va phuong huéng trong Ngii Hanh

C6 thé thiy, bon cong & bén phia ctia hd Tinh Tam da duoc dat tén theo bon muia trong nim
(Xuan Quang - Ha Huéin - Thu Nguyét - Pong Hy) dé chi sy xoay van, quy ludt thay doi cta
thoi gian, ngoai ra, con dé va bon cdy cau c6 mai ¢ trung tim cua HO (Kim Oanh - Luc Liéu -
Bach Tan - Hong Cir - Bich Tao) ciing d4 duoc dit tén dya vao phuong huéng va mau sic dugc
quy dinh trong nguyén tic Ngii Hanh cua Dich hoc. Nhu vy, khong gian va thoi gian déu da
duoc nhic dén qua cach dit tén cac t6 hop kién trac, ddy ciing 13 hai yéu t6 co ban va quan trong
tao nén vil tru rong 16n nay.

Viéc cai tao mot dia diém lic nao cling kho6 hon nhiéu so véi viée xay dung mdi hoan toan
tir ban dau. Do diéu kién ty nhién tai chd khong cho phép sir dung truong phai Hinh thé nhu
thuong thay, nén nhing nha thiét ké dudi thoi Minh Mang da sir dung truong phéi La ban, dinh
vi cac hudng dua theo tén goi nham két ndi dong chay ning luong ty nhién cta vii tru vao tong
thé cong trinh.

3. KET LUAN

Trong khi cac di tich khac, cac thuc thé dia 1y kha rd rang thi di tich hd Tinh Tam khong
dugc nhu vy, cac tu liéu lich st lai khéng nhic dén viéc Gmg dung thuat Phong thiy trong qué
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trinh 14p vuon & hd Tinh Tam, diéu nay gy kha nhidu hoang mang ngay cho nhitng nguoi c6
kinh nghi¢m tiép can vé6i di tich Hué tir 1au. Viéc tim hiéu duogc cach ap dung nhu vura néu da
giai toa nhitng thic mac tir trude, dong thoi, gitp hiéu rd hon gia tri cua cong trinh. Qua nhing
vi du trén, co thé khang dinh luon co yéu t6 Phong thuy trong cac cong trinh mang tinh di tich,
nguodi tham gia cong viée lién quan cong tac bao ton & Hué can ty trang bi kién thirc vé Phong
thity dé dé dang tiép can hon. Nhin nhan thiu do, hiéu 16 tim y ciia ngudi xua, s& 1a nén tang
trong cong tac dinh huéng phuc hdi, tranh bo sot hodc 1am giam gia tri cua di tich. Bai viét mong
g6p phan nho cho cong tac phuc dung mot trong nhitng khu vuon dep nhat cta di tich Hué trong
tuong lai.
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XU LY BE MAT DI TiCH KIEN TRUC CHAMPA
TRONG TU BO BAO TON

BEHAVIOR SURFACE OF CHAMPA ARCHITECTURE
IN THE PRESERVATION

ThS. Dang Thi Oanh', ThS. Nguyén Xuan Thién’, ThS. Hoang Ngoc Hiép’, CN. Hoang Cong Thai Long’
1234 Vién Khoa hoc cong nghé xay dung
Email: dangoanhibst@gmail.com; xthienibst@gmail.com;
hiepcocoibst@gmail.com; thailongibst@yahoo.com.vn

TOM TAT: bBén nay, di tich Champa van la mot diéu tha vi vé ca kién trac 13n két cdu vat lidu trong xay
dung, viéc nghién ctru di tich nay noi chung va xir Iy bé mit di tich c6 nay noi riéng 1a can thiét trong
diu kién hién nay, nhim bao tdn nét doc dao ma né da va dang dé lai.

TU KHOA: gach; vi nam, hu hong gach cong trinh; x1r Iy bé mit.

ABSTRACT: Up to now, Champa relics are still an interesting thing in terms of both architecture and
material structure in construction, it is necessary to study this brick block monument in general and to
behavior surface of this ancient monument in particular, in current conditions, in order to preserve the
uniqueness that it has been and are remaining.

KEYWORDS: brick block; moss; fungi; damaged brick works; behavior surface.

1. VAN DE

Nhitng vién gach Cham hién nay gip truong hop den sam do vi sinh vt tan coéng (réu mdc,
nam méc), dac biét 1a ¢ cac vién gach phuc ché. Qua trinh trung tu béng gach hi¢n dai c6 tinh
dén viéc ké thira quy trinh san Xuét gach Cham ¢6 lai xuét hién nhiéu hon hién tuong réu mbc bé
mat, nhiéu vién gach con xuét hién hién tuong bac mau do qua trinh mudi hoa khi béc tach 16p
réu mbc bén ngoai ra trong qua trinh tring tu thap.

Khao sat thuc té cac thap Cham hién nay, chung t6i nhan thiy rang dn mon vi sinh vat, ma
cu thé 1a hién tuong ndm mdc rat thuong gip ddi v6i thé xdy 1a gach, v6i dic tinh hit nuéc
nhiéu, gach rat d& bi 4m nén day la diéu kién thuan lgi dé cac yéu t6 vi sinh vét ton tai va phat
trién. Khao sat dang an mon nay trén cac cong trinh thyc té, nhan thay:

Dang n mon sinh hoc do vi sinh vt kha phd bién tai cac cong trinh thap Cham hién nay.
Boi vi sinh vat tao ra mot s6 doc td ¢o tinh dn mon vat lidu thé xay, chu yéu 1a doc td co tinh
axit. Nhin bé ngoai chung phu 1én cong trinh mot vé “cd kinh, réu phong”, tuy nhién khi co
nhimng tac dong co hoc du 16n, nhitng 16p vi sinh vat bam & khoi xay s& bi bong troc ra, va di
nhién kéo theo ca mot mang 16n bé mat 16p ngoai vién xay, 16p tiép giap nay da bi an mon va co
thé bi tach ra khoi cau trac vién xay.

Mot s0 hinh anh v€ hién trang an mon & mét sé thap:
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Thap Hoa Lai Thap Podam

Thép My Son
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Gan day mot s6 nghién ctru chéng réu mdc trén gach di thyc hién trong phong thi nghiém
[2, 3]. D& co két qua truc tiép hon da tién hanh thir nghiém 01 phuong 4n ding gia nhiét + dau
rai trén khéi xay thyc tai diéu kién ngoai trdi - noi c6 nhiing thong sé k¥ thuat ty nhién khac xa
phong thi nghiém.

2. MAU THU NGHIEM

Mau 1a khéi xay tir cac vién gach “vd” non ¢& (3 x 15 x 30) mm, chiing duoc xdy mai chap
(v6i nhot boi 101) tao thanh khdi ¢& (1,0 x 1,0 x 1,0) m cach ddy hon 10 nim (khoang 2004) va
da dung thir nghiém gia cudng bé mat khéi xdy gach bang gia nhiét. Trudc khi thir nghiém 1an
nay, tinh trang khdi xay nhu sau: B& mit gach bi réu mdc xam hai, nhat 1a ¢ vi tri chan khéi xay
thudc 4 mit (noi tich am). Tai thoi diém quan sat (T4/2013), thoi tiét kha ning nong, phia trén
khéi xay, réu mbc chét, kho lai va dé lai trén bé mat nhitng vét den bam chat trén bé mat; phia
duéi tai nhimg hang gach tiép xuc véi dé khdi xay, do van tiép xtc v6i d6 am tir mat dat 1én, nén
réu mbc van tuoi con phat trién (réu mdc c6 mau xanh, mém). Tai cac dudng goc clia cac mat
khéi x4y, gach bi mon, tron goc; 16p gach trén cing cua khdi xay bi mat lién két giira cac vién;
bé mit c6 chd bong vay, mat mang ngoai.

3. XU LY BE MAT KHOI XAY THU NGHIEM

- Lam bang mit trén cua khbi gach bang vita xi mang day 7 mm;

- Bén mat con lai dugc vé sinh bang nudc va ban cha, cao sach réu mdc va 1am sach phan co
phia dué6i. Panh déu 4 mit khéi xay theo ky hiéu nhu sau:

+ M-0: Khong xir Iy hoa chat sau khi di 1am sach bé mat;

+ M-1: Sau khi 1am sach bé mat, phun con cao do, quét dau rai va dot bang dén kho gas toan
b6 bé mit;

+ M-2: Sau khi lam sach bé mit, phun cdn cao d0, quét dau rai va tién hanh dét bang dén
kho toan bd bé mat, sau do6 quét 02 nude hoa chit chdng tham khong mau waterseal (hop chat
day nuéc goc Silicone);

+ M-3: Sau khi 1am sach bé mit, phun con cao d6, quét dau rai va tién hanh dét bang dén
kho toan bo bé mat, sau d6 quét 02 nudc hoa chit Sikagard (hop chat phi gbc Epoxy).

Hinh 1. Tinh trang cta khéi xay lac ban dau (tinh trang suy thoai mun khi xay)
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Hinh 1. Tinh trang cta khdi xay lac ban dau (tinh trang suy thoai muan khéi xay) (tiép theo)
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Hinh 2. B¢ mat khoi xay sau khi cao réu moc, mun mat (sau khi xur 1y bé mat)

4. QUAN SAT KHOI XAY
Hang thang ghi nhan tinh trang bé mat khéi xay sau khi duoc xir Iy nhiét va hoa chat; két qua cho thay:
4.1. Ngay sau khi xir ly

Cac mau dau rai khi d6t chay c6 ngon lira khac voi ngon lira dén con, ching té dau rai tham
gia vao thanh phan ngon Itra, bé mat gach c6 do bong.
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4.2. Sau 06 thang theo doi

Mau sac: VE co ban ¢ 06 thang dau, mau sac cua khoi gach khong thay doi nhiéu so véi lac
moi xu 1y.

Tinh trang: b€ mat tai cac vi tri van cung chung t6 khoi xay chua bi héa mém.

Hinh 3. Tinh trang bé mit gach ngay sau khi xu 1y

Mit M-0 sau 06 thang Mit M-0 sau 06 thang

Mat M-1 sau 06 thang Mat M-1 sau 06 thang
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Mat M-2 sau 06 thang Mat M-2 sau 06 thang

Mait M-3 sau 06 thang Mait M-3 sau 06 thang

Tinh trang réu moc:

Sau hon 06 thang, mang dau rai & cac mit M-1, M-2, M-3 bi bong troc & muc d6 khac nhau,
theo d6 1a tac dung chdng réu méc cua cac phuong an xir Iy khac nhau.

Mit M-1: Tinh trang réu mbc di xam chiém trén bé mat dic biét 1a tai cac khe gilta cac vién
gach va phan dé noi tiép giap khdi xay véi mat dat.

Mit M-2: Réu mdc chua xuét hién trén bé mat, chi tai cac vi tri lién két cac vién gach (khe)
thi da bat dau nhin théy dau hiéu “dinh cu” cua mot vai vi sinh vat. Va 16p du rai trén bé mat
dang c6 dau hiéu bong tréc.

Mit M-3: Chua thdy ddu hiéu ctia réu mdc, nhung 16p bao vé c6 ddu hiéu bong troc.

4.3. Sau 12 thang

Tinh trang phong hoa van tiép dién & cac vi tri goc canh cua khdi xay, gach sir dung c6 mau
sdc va do cung khac nhau. Trén bé mit, tai mot sb vi tri duoc cho 1a gach mém hon c6 bé mat 16
16m, nguoc lai nhitng vién gach c6 mau d6 sim, bé mit van phang.

M-0: Mat gach khong dugc bdo vé, tinh trang bé mat bi am udt, va dudi tac dong cua khi

hau, réu moc xuat hién xanh den phu kin bé mat.
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M-1: Do chi quét 16p 01 dau réi, cc vi tri bi réu mdc xam chiém nhu lic dau chua xu 1y,
Pay 1a chat hitu co nén qua thoi gian, mang dau rai bi bong troc, mit lién két voi khdi gach.
Ciing c6 thé do ngudn gbc hitu co nén di tao didu kién cho céac vi sinh vat nhu réu mdc ¢ diéu
kién thuan loi hon dé phat trién.

Mat M-1 sau 12 thang Mat M-1 sau 12 thang

Mit M-2 sau 12 thang Mait M-2 sau 12 thang

Hinh 4. Anh cac miat khéi gach sau hon 12 thang thi nghiém
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Mat M-3 sau 12 thang Mat M-3 sau 12 thang
Hinh 4. Anh cac mit khdi gach sau hon 12 thang thi nghiém (%iép theo)

M-2: Giai doan sau 2-3 thang, bé mit van cach nudc, tuy nhién sau thoi diém 6 thang tré di,
mang dau rai + waterseal to ra khong bén voi méi truong.

M-3: Bén giai doan trén 06 thang, bé mit van cach nude, va han ché réu mdc kha hiéu qua,
tuy nhién hién tuong 16m dém tring bat dau xuat hién. Nhu vay, dén giai doan nay nén chiang
phai xur 1y lai.

Sau 5 nam trdi qua mot khodng thoi gian di dai, voi thoi tiét mwa ndng, cdc mat khéi xdy cé
sw thay doi va dwoc danh gid nhie sau:

Mat M-1 sau 05 nam Mat M-1 sau 05 nam

Hinh 5. Anh cac mit khdi gach sau 05 nim quan sat va thi nghiém
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Mat M-3 sau 05 nam Mat M-3 sau 05 nam
Hinh 5. Anh cac mit khdi gach sau 05 nim quan sat va thi nghiém (#iép theo)

5. KET LUAN & KIEN NGHI

1. D6i véi miat gach khong duge xir Iy hoa chét va mat xir 1y chi v6i dau rai duoc gia nhiét
thi hién tuong an mon sinh hoc xay ra manh liét. Nhu vay dé bao vé bé mat khdi xay khoi hién
tuong nay kién nghi khong nén dé “tro” bé mat gach. Viéc quét du rai va dét & nhiét do dén kho
khong han ché dugc dn mon sinh hoc ma ngugc lai qua 05 nam thi nghiém va quan sat thdy nd
con tao diéu kién cho réu moc phat trién manh 1iét hon.

2. Sir dung hoa chét Sikagard dé han ché van d& an mon sinh hoc trong truong hop nay rat kha
quan. Tuy nhién can ¢ sy bao quan tiép theo sau mot giai doan thoi gian (khoang 01 nimy/lan)
& nhitng vi tri chan khéi gach.
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PAC PIEM KIEN TRUC CHUA KIEN AN CUNG

ARCHITECTURE FEATURES OF KIEN AN CUNG PAGODA

KTS. Luong Ngoc Tuén', KTS. Nguyén Vin Hong”, ThS. Phan Nhat Nam’, HS. Poan Sy Lang*
1234 vién khoa hoc cong nghé xay dung,
Email: Ingtuan91@gmail.com; kts_hong@yahoo.com;
nhatnam205@gmail.com; langsy.ibst@gmail.com

TOM TAT: Chua Kién An Cung la mét di tich kién tric doc dao duge nguoi Hoa gde Phuc Kién xdy
dung. Kién trtic cta chua kha ti mi. Nhiing duong nét, hoa tiét, hoa van, biéu tuong rat cOng phu, tinh xdo
mang dam nét van hoa kién trac Trung Hoa.

TU KHOA: kién trac, két cAu chiu luc, hé théng trang tri.

ABSTRACTS: Kien An Cung Pagoda is a unique architectural monument built by the Hokkien Chinese.
The architecture of the temple is quite meticulous. The lines, textures, patterns, and miniatures are very
elaborate and sophisticated with bold Chinese architectural culture.

KEYWORDS: Architecture, bearing structure, decorative systems.

1. PAT VAN PE

Di tich Chua Kién An Cung (hay con dugc goi 1a Chua Ong Quach 1a mét di tich cap qudc
gia ndm ¢ trung tdm thanh phd Sa Péc, tinh Pong Thap. Pay 1a mot ngdi chua Hoa cd dugc xay
dung tir nam 1924 va dén ndm 1927 thi hoan thanh. Chua duoc xdy dung tir nhitng ngudi di cu
tir Phuc Kién bat man véi ché d6 nha Man Thanh cta Trung Qudc lic bay gid. Trai qua hang
tram nam tdn tai, dén nay chua van giit dugc nét kién trac doc déo va 1a noi sinh hoat cong déng,
sinh hoat vin hoa tdm linh cta cong ddng nguoi Hoa néi riéng va nhan dan khu vyc thanh phd
Sa Béc noi chung.

Pén nay trai qua thing trim ctia bién ¢ lich sir va tac dong ctia mdi truong, nhu ciu thay doi
cong nang, chirc ning cong trinh da tic dong dén tidu cuc dén di tich. Hién nay Chua Kién An
Cung da xudng cdp va can duoc tu bd tong thé dé tiép tuc duoc gin giir cho cac thé sau. Noi
dung bai viét s& trinh bay cac ddc diém kién trac ndi bat ciia ngdi chiia nay.

2. GIOI THIEU CHUNG VE DI TiCH CHUA KIEN AN CUNG
2.1. Tong quan v& lich sir hinh thanh va phat trién

Kién An Cung duoc khoi cong xay dung ndm Giap Ty (1924) dén nim Pinh Mo (1927) thi
hoan thanh. Nguoi c6 vai tro quan trong trong viéc xay dung cong trinh nay 1a cy Huynh Thuan
(Huynh Cim Thuéan), mot ngudi Hoa gbc Phiic Kién, cu da dimg ra van dong, quyén gop cong

d6ng ngudi Hoa va ngudi Viét trong khu vuc, ban than cu ciing déng gép mot phan 16n kinh phi

dé xay dung cong trinh.
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Theo céc cu cao nién ké lai, Kién An Cung da trai qua 2 lan triung tu 16n vao nhiing nim
1967 va 1990. Nam 1967 thay d6i toan bd nén gach trong khu Dién; nam 1990 phuc hdi khu nha
Ta da sap hong trudce do.

Nim 1977 - 1978, khi nha nudc giai phong mit bing mot nghia trang nguoi Hoa trén dia
phuong, mot sé d6 thd cung (tu) da dugce dua tir khu nha Ta nhu hé thdng cira vong, ban tho,
kham tho. .. duoc dua tir 46 vé cac gian phia sau cia khu nha Ta.

Nam 1995 thay toan bo gach nguyén gbc di v& nat bang gach ceramic cho 2 khu nha Ta va
nha Hiru.

Nim 2011 1ap twong Quan Am trong gian nha Ta.

Nam 2016 trude té nan mat cép ¢d vat, do tho, Ban tri su Chua dé xin 1am hé théng rao chin
hoa sit hién nay.

Ngoai ra con mot s0 lan stra chira nho theo nhu cau sinh hoat ciia cong dong.

2.2. Cac gia tri cua di tich

Gia tri lich sw van hoa

Di tich Kién An Cung toa lac tai phuong 2 - thanh ph6 Sa Péc, giita khu c6 xwa nhét cua thi
x4 Sa Péc trudc day. Chirc ning dau tién cua di tich nay 1a ngdi miéu Vi do ngudi Hoa gbe Phiic
Kién xay dung nén cong trinh c6 kién triic ddm nét dan toc Hoa. Tén chinh thirc ctia quan thé
cong trinh 1a Kién An Cung, dan gian trong ving van goi la chiia Ong Quach.

Twong truyén trong 3 nam xay dung chuia, c6 rat nhidu ngudi tho tir Phuc Kién sang thi cong
tao nén nhitng duong nét, hoa tiét, hoa van, tiéu tuong rat cong phu, tinh xdo mang dam nét van
hoéa kién trac Trung Hoa... dé tré thanh mot cong trinh kién tric uy nghiém, ruc r& theo phong
cach dén miéu cua Trung Hoa.

Pa mot thé ky troi qua, Kién An Cung ngdy ngdy van toa khoi huong nghi ngut... nhan dan
Vié¢t - Hoa luon thanh tdm, ngudng vong thanh dic; cung chung stic chung long xay dung qué
huong, doan két gin bé trong cong dong dan cu Sa Péc. Chua ong Quach 1a mot cong trinh kién
tric doc ddo, mot tac pham nghé thuat tiéu biéu mang dam ban sic vin hoa phuong Pong.

Gia tri kién triic, nghé thudt

Vé quy hoach téng thé Kién An Cung duoc xdy dung theo kiéu kién triic “Noi Cong Ngoai
Quéc” véi tong thé gdm 3 nhom cong trinh hop khéi theo hinh chit Quéc (E).

Vé tham my kién triic cong trinh chinh 13 Tién dién va Chinh dién c6 quy mé dién tich lan
luot 1a 90 m” va 141 m® v6i hinh thire kién trac 3 gian, tudng va cot gb chiu luc, phia trén 1a hé
vi theo kiéu chong rudng gia chiéng, mai lop ngéi dng, hé théng trang tri, giao giéng dap ndi
kham sanh su. Day la nét dac sdc va tiéu biéu cua toan bo di tich.

Vé gid tri Van héa Kién An Cung mang dam nét vin hoa ctia ngudi Hoa. Pic biét, ban dau
chua dugc xdy dung vé6i nhiéu vat liéu trang tri mang tir Phuc Kién sang. Kién tric cua chua kha ti
mi. Nhitng nét cham trd, diéu khéc hinh thu mang dam nét kién triic xua. Vi 1a chua Hoa nén viéc
tho cung khong chi 1a tugng Phat ma con dao gido, nhitng vi anh huing Trung Hoa trude day.
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3. CAC PAC PIEM KIEN TRUC CHUA KIEN AN CUNG
3.1. Tong thé

3.1.1. Quy hoach

Kién An Cung duogc xay dung véi tong thé gdm 3 nhém cong trinh hop khdi theo hinh chir
Quéc (B), co cong vao riéng biét nhung lai lién trong voi nhau gdm Khu nha thd (Kién An
Cung), Khu nha Ta (Phuéc Kién Cong So) va khu nha Hitu (Truong hoc Phudc Kién). Phan
Cung ¢ giita duoc xdy dung hinh chit Cong (L) gém ba gian Tién dién, Chinh dién va
Dong lang, Tay lang va khu chinh di¢n thi rong hon 2 khu nha bén.

Chua Kién An Cung toa lac trén khu dét rong khoang 1.200m?” trong d6 dién tich phan cong
trinh khoang 900m?” , dién tich san vudn (cha yéu 1a san phia trude Chua) khoang 300m? 14t gach
250x250 chdong tron. Pdi dién v6i Chua qua dudng Phan Boi Chau 1a dai tuong niém chi doi
Tran Pha (di tich cap Tinh - Thanh phd). Trudc day bao quanh chua 1a mot 16p hang rao cay, dén
nam 1970 hang rao cay nay dugc thay thé bang 16p rao bé tong xay cho dén ngay nay.

Hién nay phia T4y va phia Nam Chua di bi 14n chiém, mot s vi tri phia Nam céc cong trinh
14n chiém da xay sat v6i buc tuong hau cta Chua.

Chua Kién An Cung ngudi xua xay dung gdbm 3 hang muc vé6i 3 chirc ning riéng biét hop
khéi véi nhau gdm Khu Dién (c6 chirc nang tho ty); Khu nha Ta (c6 chirc ning hoi hop) va Khu
nha Hiru (c6 chirc ning day tiéng Hoa cho con em cu déan trong khu vuc).

3.1.2. Tiép cin (Giao thong)

Tiép can cum cong trinh 1a cong ndi lién Tién dién va Chinh dién. O day ta thay sy lién hoan
Cong, Tién dién, Chinh dién dugc xem nhu 14 truc chinh cong trinh (nhu 14 truc Than dao - Diing
dao & cac Di tich Hué).

Hinh 1. Tryuc chinh cym cong trinh
Mt bang tong thé Chiia Kién An Cung
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Chua Kién An Cung ngudi xwa xay dung gom 3 hang muc véi 3 chirc ning riéng biét hop
khdi v&i nhau gém Khu Pién (c6 chtic nang tho tu); Khu nha T4 (c6 chire nang héi hop) va Khu
nha Hitu (c¢6 chiic ning day tiéng Hoa cho con em cu dan trong khu vurc).

Khu Dién:

Khu Pién gém cic cong trinh Tién dién, Hau dién va Hanh lang Pong, Hanh lang Tay.
Nhitng dong nguoi Phude Kién (Trung Hoa) sang dinh cu tai ddy, phan 16n 1a di than nha Minh
b6 xtr tha huong tir thé ky XVIII do khong than phuc triéu Méan Thanh. O ving dong bang song
Ctru Long, ngudi Phude Kién 1a mot trong ba cong dong gom Kinh, Hoa va Khmer song chan
hoa bao doi nay; nhung ho luén gitr dugc ban sdc van hoa, tim linh suét nhiéu thé hé sinh soi,
truong thanh trén dat khach. Kién An Cung 1a mét minh ching vé nim héa tdm linh cling nhu
van hoa thim my, k¥ thuat xay dung ctia hg. Nam 1954 toan bd nén khu Dién da duogc thay thé
bang gach hoa xi ming 200x200mm.

Tién Pién:

Nha Tién dién gém 3 gian, 4 hang cdt rong 8,5m dai 12m két cau g0 trén cac cAu kién ) déu
c6 dugc trang tri tram tro. Tuong hdi chiu luc véi hé théng cot gid va hé théng bich hoa bé T4 la
tich chuyén Tam Qudc Dién Nghia, bén hitu 1a tich chuyén Phong Than Dién Nghia), mai lop
ngdi ong; hé thng tudng bd noc bo quyét déu dugce trang tri kham sanh sir va dap con giao, con
gidng; tai cac dau bd quyét c6 dip cac hinh twong nha, phu theo cac tich xua. Nén lat gach hoa
200x200mm; bo via, chan tang, con ké bau cua... béng da cat két.

Hanh lang Dong va Hanh lang Tay

Hai hanh lang c6 kich thudc trong dong (3,5x4,5m) va ciung két cdu gb mai lop ngdi ong.
Trén hé théng hanh lang nay c6 cira birc ban lién thong san Khu nha T va nha Hiru. Tudong duoc
trang tri bich hoa theo cac tich chuyén Tay Du Ky.

Chinh dién:

Nha Chinh dién gém 3 gian, 4 hang cot rong 12x12m két cau g dic trung cta van hoa thoi
Minh trén céac cau kién gd déu c¢6 duoc trang tri tram trd tinh xao. Tuong hoi, tudng hau chiu luc
v6i hé théng cot gia va hé thong bich hoa cac danh tudng, mai gian chinh dién lop ngoi 6ng; hé
théng tudng bd noéc bd quyét déu duoc trang tri rong chau chau kham sanh st. Nén 1at gach hoa
200x200 két hop da hinh luc gic; bo via, chan tang, con ké bau cira... bang da cat két.

Khu nha Ta:

Khu nha Ta trude ddy co chirc ning nhu mot ngdi trudng nho day tiéng hoa cho con em
cong dong dan cu khu vuc ndy. Hién nay cong vao khu nha Ta van con tdm hoanh phi ghi
“Trudng Hoc Phudce Kién”. Hién nay khu nha Ta dang 1a noi thd Tam Thé, Phat ba Quan Thé
Am B6 Tat va luu giit tro c6t cia mot s6 ngudi trong cong dong. Cac chirc ning lién théng sang
nhau bang hé théng cira vom va 2 6 giéng troi.

Khu nha Hiru:

Khu nha Hiru trude day c6 chirc ndng nhu mot tru s& hop ctia Ban Tri su ciia nguoi Hoa trao

d6i thong tin va giao thuong budn ban. Nay cong vao khu nha Ta van con tim hoanh phi ghi
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“Cong s¢ Phudc Kién”. Hién nay khu nha Httu dang dugc st dung lam noi sinh hoat, nghi
ngoi cua nguoi trong coi Chua gf‘)m khu vuc nghi, khu bép nau, kho va 1 khu vé sinh. Mot
phan khong gian dugc dung 1am noi tho 6ng Huynh Cam Thuén 14 ngudi sang 1ap ra ngdi chua
va ba vo 6ng 1a Nguyén Thi Kén; 6ng Huynh Thuy Lé con trai 6ng Huynh Cam Thuan va
phu nhan.

3.2. M ta dic diém kién tric

Chua Kién An Cung xay dung theo kiéu chit "Cong" gém c6 3 gian. Bén ta va bén hiru bang
nhau. Gian gifta (dién thd) rong hon. Mai ng6i gébm 3 16p, mit trén ngdi, gitta gach, dudi 1a ngoi.
Ngoi duge lop theo gon song, trai nén cho nhimng ngon séng cong vut 1én cao, tao mai ngdi theo
kiéu "Ngii hanh". MJdi dau ngon song 1a mot cung dién thu nhd, bao gém c6 6 cung dién, toan bd
chua khong ¢ kéo, chi c6 don tay rap mong lai chiu luc trén nhitng cot go tron. O mat chinh trén
véach chua cé trang tri nhitng cay cdi, chim thu, twong ngudi ghép bang mang gdm mau thu nhé
tao thanh nhirng birc tranh nam theo cac dudng g lap kinh 5mm. Mai trudc cira ra vao c6 4 chau
hoa bang g son son thép vang d& 6 con son cham tr6 hoa 1, & giita 6 tim hoanh phi "Kién An
Cung", trang tri rong, may, nai, hac. Trén ctra ra vao c6 6 con lan gd thép vang ddi 6 con son.
Trén mit cia mdi canh cira ¢6 vé canh sinh hoat ctia vua quan. Hai bén ctra chinh ¢ hai cau dbi
trang tri hoa van chay xung quanh va nén cham hoa mai va hac thép vang. Trén cira chinh ¢

tranh v€ mau va trén cura hai bén c¢6 cham khac bong sen, chim thu.

Vao ctra 13 phan chinh dién, trén mai ¢ gian giita c6 treo mot tdm hoanh phi cham trd hoa 14
son son thép vang. Dudi 1a mot buc tranh v€ mau hai mat chay dai subt 3 gian. Phia dudi c6 mot
bao lam trang tri chim tri, cong, bong sen, nho, soc hai mit gidng nhau va thép vang. Hai cau ddi
cap theo ¢t gan v6i bao lam. Phan trén cua mdi cdu dbi c6 khic dau rdng, canh mai, phan dudi
c6 khéc bat tién.

Ddi dién vé6i chinh dién, trén cac cot co grfm 2 cau dbi thép vang, nén cham trd mai hac, & hai
bén 6 hai cau d6i nén son vang va vién khung, bén canh ¢ 2 buc tranh v& mau. Giita cc cot co
gin cac dau hinh réng d& nhitng cdy xa ngang c6 tranh v& mau. Trén xa ngang lai c6 6 con son
¢6 tranh v€ mau dodi cac cay xa doc cia mai.

Gian bén phai c6 khic d6i ca hoa long hai mat gidng nhau thép vang cip sat theo goc cot
thay thé con son. O vach phai c6 40 bich hoa mau va & vach ddi dién c6 30 bich hoa mau. Phan
vach & dudi déu trang tri hoa van mau xanh. Mit sau cia gian chinh dién ciing trang tri gidng
nhu mit trude caa chinh dién. O 4 cot ¢6 ge“in 4 cau ddi. Phan trén cta 2 cdu d6i c6 cham hinh

con doi, phﬁn dudi cham chéu hoa, hai cau ddi cham hoa 14 buém, chim thu.

Phan mai hai bén c6 hai con 1an ddi hai con son, hai con son nay lai doi xa ngang. Hai cot
sat vach c6 gan 2 cau dbi bang xi mang. O 2 cot giita ¢6 gan hai cau dbi cua chinh dién d6i dién
v6i hai cu d6i ciia dién tho.

Phan giita ctia chinh dién va dién tho c6 mot khoang dé trong 1iy anh sang, hai bén ciia phan

nay noi chinh dién va dién tho thanh hai gian d6i xing nhau. Moi bén déu c6 8 canh cura cham
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trd hoa 14, ong budm, chim mudng qua bén trai 1a tru s& va bén hiru 1a truong hoc. Bbén cau dbi
nén vang vién d6 gin ¢ 4 cot d6i dién vé6i 2 gian ndi.

Phan dién tho, mit ngoai ¢ gian gilra c6 hai cau ddi trang tri hoa sen, canh dao gén g cot,
phia trén c6 mot birc hoanh phi "Bao qudc an dan" trang tri hoa 14, chum nho son son thép vang,
dudi c6 mot bao lam khic khi, nai, chim phuong hai bén c6 hai cdu dbi cham trd rong phuong
gan vao cot.

Phia trén cac khanh thd c6 mot hoanh phi dé bén chit Han “Phu bao an dong”. Hai bén cot
c6 d6i lién:

Dong thon chiic thanh dirc thanh cung hach trac thanh trung tu
Phii M ta than an, khanh ha nguy nga hung miéu tir

Gian trai c6 buc hoanh phi "Thanh thiy té su", gian phai c6 btc hoanh phi "Bao sanh dai
dé". Trén cac xa ngang c6 4 con lan d& 4 con son. O dudi xa ngang c6 6 dau rong d& xa ngang
gn véi cot.

Phan dudi dién thd c6 bao lam cham ndi cudn thu, hoa clic, hoa sen, chim trf, chim sau son
son thép vang. Hai bén cia mdi bao lam déu ¢6 2 buc hoa cham trd gén chit bao lam véi ¢ot g5,
ding trén b¢ da. Trén hai cot déu treo hai cau doi trang tri hoa van chir "Van" va c6 diém thém
hoa cuc. Hai dau cua cac cau doi co trang tri cdy co, chim mudng, thi vat. Dic biét chir viét trén
hai ciu dbi theo kiéu chit "Hinh lu hwong".

Phia ngoai, ¢ gitta c6 mot ban thd hinh chitr nhat. Hai bén c6 hai ban thd nhé. Trén cac
ban thd déu ¢ lu huong bang dong, hai con hac dong, hai chan dén bang dong, mot bat huong
bang gom.

Bén ngoai c6 3 ban thd hinh chir nhat bang gd dat ngang trén cac ban thd déu ¢ lu huong,
2 chan dén dong, 3 cdy huong truong, giita cic ban tho co 4 bd bat biru dit xudi theo cot. Hai
véach cuia cc gian nay c6 bich hoa, mdi bén c6 32 tranh v&.

Phéan dién thd c6 3 gian: Gian giita c¢6 kham thd Quang Trach Tén Vuong. Phan trén cua
kham trang tri 2 rong tranh chiu, hoa 1a son son thép vang. Hai bén c6 kham thd "Bao sanh dai
dé" bén trai tho "Thanh thiyy té su" ciing trang tri hoa 1a rong may, son son thép vang.

Trudc cac kham thd c¢o 3 ban thd hinh chit nhat bing gb. Trén mdi ban co dat mot
lu huong va hai hop bang dong dung dén sap. Riéng ban tho giita co dit thém ba hop kinh
dung tuong.

Phia ngoai dién thd trén sat mai chiia c6 treo ba hoanh phi d6i dién véi khanh thd "Thanh
Thuy Té Su", Quéng Trach Ton Vuong, Bdo Sanh Dai bé, dat trén 6 dau du hinh réng nho ra 4o
liy cac hoanh phi, dudi cac dau du hinh rdng ¢ 3 birc tranh v& mau trén gd. Ngoai Quang Trach
T6n Vuong con ¢o hai vi than duoc thy & hai bén trong gian chanh dién. Bén ta 1a Thanh Thuy
Té Su, nguyén la th::iy thudc chita bénh cho nhan dan. Bén hitu 1a Bao Sanh DPai Dé, c6 nhiém vu

bao vé€ sanh ménh cac vi vua chua.
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Hinh 5. Mit dimg Chua Kién An Cung nhin tir duong Tran Hung Pao
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3.3. Két ciu chiu luc

Nén mong: Cote nén cong trinh cao hon cote san. Toan b cot dugc dat trén hé théng chan
tang bang da.

Tudng: tuong vira dong vai trd bao che cong trinh vira chiu luc.

Hé khung: xut hién kiéu “chong ruong, gia chiéng”, dau cing, ké bay,... (1a cic hinh thic
kién trac gb mién Bic).

Toan bd ngdi chua duoc thiét ké khong c6 kéo, chi c6 don tay rap mong chiu luc trén nhirng
ot gb tron c¢6 dudng kinh 30cm.

B6 khung nha (bd vi) duoc lién két theo kiéu “chong ruong, gia chiéng”. Vi gia chiéng, c6
hinh giéng nhu cai gia dé treo chiéng, gdm hai tru chéng va thanh bac ngang trén hai try. Tru c6
thé dugc chuyén hoa thanh dau hay cot trén, gitra gia chiéng c6 thé co tAm van trang tri hinh 14
dé hodc hinh quang ltra. Vi chong ruong duogc tao boi cac dam gd c6 do dai thu dan chong 1én
nhau tao thanh hinh tam giac, cac dam dat truc tiép lén nhau hodc c6 nhiing dau gd dém. O vi
kéo truyén thong thi c6 cdu dau ndi ngang 2 vi, chong rudng xép trén xa nach.

Hinh 6. Bo vi Tién dién lién két theo kiéu “chong ruong- gia chiéng”

Con rudng 1a cac doan gbi d& mai dang dam gd hop dé d& hoanh mai, dugc dit chong 1én
nhau. Chiéu dai ctia chung thu ngan dan can theo chidu vét clia mai, cang cac con ruong bén trén
cang ngin. O vi ndc cac con rudng nim chong 1én cau dau.

Con lon con goi 1a ruong bung lon: 1a con ruong trén cing, gbi 1én con rudng bén dudi qua
hai doan cot ngén goi 1a try tron, va 1am nhiém vu d& xa noc (thugng luong). Bén dudi ruong
bung lon (gitta hai tru trén) 13 van 14 dé thuong dé diéu khic trang tri. Con lon c¢6 thé duogc thay
bang gia chiéng.
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Ruong cut 1a loai ruong nam & vi nach (gitra ¢t cai va cdt quan), chung nam chong trén xa
nach, ching ciing do hoanh va van thu dan chiéu dai khi 1én cao theo d§ doc mai.
Phia dudi bd vi 1a hé cot bao gdm cot cai va cdt quan. Cot map va phinh to & giira, trén dau

moi c¢ft déu cd don tay rap mong.
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Hinh 7. Mit cit qua nha Tién dién

Hé két cAu mai g6m hé théng rui 1a cac dam phu trung gian, dat doc theo chiéu déc mai (truc
giao v6i don tay), gbi 1én hé thong don tay.

Hinh 8. Mit cit Chua Kién An Cung

3.4. M¥ thuat trang tri
3.4.1. Pic diém chung

Cong trinh 1a mot thé théng nhét tir ngoai dén ndi tht, tir thong thé dén chi tiét; cing phong
cach trang tri, dé tai thé hién dén vat liéu... tao nén mot cong trinh kién tric va my thuat doc

dao; dong thoi tao nén dién mao riéng mang tinh dién hinh va &m hudng cua mét cong dong
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ngudi Hoa ndi chung. Theo dong chay thoi gian va lich sir phét trién xa hoi; cong dong 4y da ton
tai va phat trién cung voi cong dong khac trong ving tao nén dau an 1 nét vé doi sdng van hoa
xa hoi dén ngay nay. Su két hop giao thoa va dong diéu c6 st lan toa dem lai nhiing gi tri vé
v6 hinh va hitu hinh.

Cong trinh Chiia Kién An 1a mot minh ching vé phong cach kién tric va nghé thuat trang tri
truyén thong; Su hai hoa vé viéc bao ton va phat trién luén ¢ sy két nbi gin giit nhirng tinh hoa
giita cac thé hé; mit khac nd an chira trong d6 nhimng gia tri vé doi séng tdm linh cta cac cong
d6ng ngudi khac nhau 6 sy twong ddng vé ban chat Pao va Poi. Trong tiém thirc ho déu hudng
dén cai Chan - Thién - My.

Trong phan nay chung t6i dé& cap mot sd nét dién hinh va tiéu biéu trong nghé thuat va nghé

thudt trang tri.

3.4.2. Vé @é tai trang tri; lién quan céu kién cong nang két ciu cong trinh

Ngoai thdt: Con gidng bo mdi; é héc bo mdi, dau déc

Vé dic diém chung mang phong cach kién trac ¢ gidng nhu cac cong trinh kién tric ¢6 cua
chung ta. Sy anh hudng co tinh ké thira va lién tuc qua thoi gian phat trién lich st vin héa xa
hoi. Tuy nhién co s¢ dé nhan dién rat khac biét dua vao cac bd phan cAu thanh kién trac thi hé
théng bo mai va trang tri bd mai 1a nét dic trung cta cong trinh. Kién An Cung la cong trinh
dién hinh; Ciing 13 dé tai Ludng long tranh chau, rong chau .. Giao hoa & cac bd chay. Pic biét
tai cac goc giao nhau cua bo quyét trén mai c6 dap cho cum nha ctra, con ngudi... M6 phong
canh sinh hoat ctia cong dong quan cu dan toc va co su gan két giita cac giai ting trong xa hoi.
Pé cao tinh cong dong va sap xép tuan tu theo phan tang xa hoi (Ldo gido). Mat khac mang tinh
gido duc cao cho thé hé mai sau.

Hé théng 6 hoc trén bd noc chiém dién tich khong 16n. Nhung ciu thanh ddy du bd phan
kién triic cong trinh. D& tai chinh 13 cdy canh, hoa 14, chim tha, khong bi bo budc bai khung 6.
Diéu nay cho thay nghé thuat trang tri khong gidi han. Phong tac theo ban ning cia nguoi tho
(Ngh¢ nhan) thé theo su hoa hop thién nhién... ma trén do6 c6 cay, hoa chim thu; nhu Mau don,
mai chim Phung, chim Tri. T4t ca van vat déu c6 that va duge cach diéu bf?mg cach khai quat va
don gian tao nén burc phu di€u co6 tinh my thuat cao.

Riéng cac du hoi thi dé tai trang tri 1a cac kiéu thirc mang tinh biéu twong. Mit Doi (phic)
cht Tho, cai Khanh, Hop thu. Céc biéu tuong Lao gido; sy truong tdn phuc tho va tri tug.

Néi that

Céc kiéu thtrc trang tri phd bién:

+ Hbi van chit Cong, chir Van;

+ Cac con vit trong bd Tir linh Rong-Phung-Lan-Quy.

+ Cay co, hoa trai, chim mudn van vat theo tu nhién dugc khai quat theo bd cuc va vj tri trén

cac 6 khoang khong gian TT kién tréc.
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Hoi van chit Cong, chir Van, day 14 dugc cach diéu khai quat thanh kiéu thie TT phd bién
va gidi han & khong gian dong nhu 6 cira, 6 thoang ha cac mang tudng dugc vién khung nep
thanh thung 6 tai cac vi tri riéng biét.

+ Han ty (Thu phép va tranh thity mac duge xem 1a qudc hoa luc bay gio).

Hoanh phi cau ddi: Hé théng hoanh phi cau d6i bay bién trong ndi that cong trinh day dic tir
ngoai vao trong theo thir tr hang 16p khac nhau. Véi sic d6 vang ong anh tran ngip toan bo
khéng gian noi that. Mdi mot Han tu 1a thu phap thi mdi hoanh phi cdu ddi 13 mot b tranh.
Trong buc tranh éy c6 thé hién cac 16p lang o nét, 16i 16m, chinh phu... Vi vay, tu n6 da tao ra
khong gian cta birc tranh bang thii thuat cham khic va son son pha hoang kim. Ngoai tinh thim
my thi cac birc hoanh phi cau d6i ham chwa nhiéu ndi dung y nghia. Trong d6 cac cau ddi thuong
1a vinh danh ca ngoi cac bac tién dé hay ca ngoi canh sic qué huong hodc cac ciu dbi c6 noi
dung gi4o duc cac thé hé con chéu dugc luu truyén trong doi song van hoa xi hi.

Tranh thiy mac, tuong tron nhan vat va cac con thu:

+ Cac nhan vat trong dan gian va thi ca bén canh c6 nhitng nhan vat c6 that trong lich st
duoc nhan cach hoa thanh THANH, THAN;

+ Ngoai ra con co cac buc v& mo phong doi séng sinh hoat cia Vua quan thudc bic Quan
vuong. Cac nhan vat v& & 0 ctra theo 16i ta thuc va khai quat Ao mio, cac vat dung cling nhu
than thai dién hinh nhan vat dua trén nhan ching hoc ngudi A dong cin xtimg vé ty 18 hai hoa vé
trang phuc. Pong thoi mang tinh biéu cam rd nét than thai nhan vat (dé cao Lio gido trong hé
théng dao gido nguoi Hoa, “Tao nha ty tai va tri tud”).

3.4.3. Phong cdch thé hi¢n: lién quan cdu kién cong ning két ciu cong trinh

Du 14 thé hién trén chat liéu nao thi nghé thuat trang tri cong trinh tac tao thanh céc tac phém
nghé thuat thong nhat va phong cach biéu dat.

B cuc day dan nhung khong khiém khuyét léch hay thiéu hodc thira. Can xtmg vé nhip diéu
va tiét tu nét cong uyén chuyén, nét gip khiic ky ha manh mé&. Cac khoang tréng ctia nén tu nd
d3 tao nhitng khong c6 nhip diéu va mang miéng lam nén rat da dang va vé hinh hoc; 1am nén
cho céc chi tiét tranh tri chinh. Chi tiét day ddc ma khong rdi ram nhd thu thuat khéo 1éo nay. Tir
cham trd dén cham long diéu dem lai hiéu ing tham my rat cao.

+ Cham khic cdu kién gb.... Cham long cho tiét kham thd, khung ctra vong.

+ Céc buc bich hoa trén tuong thé hién theo 15i Thiy maéc. Nhit thi nhat hoa: v& céc tich
trong c6 tich Tay Du Ky; Tam Qudc.

+ Cac nhén vat v& theo 161 mé phong nhan cach dién hinh... M6 phong theo 16i ta thue duoc
khai quat hoa; trang phuc mii mao, hai.. cac phu kién theo nhan vat cu thé khac nhau.

Ngodi ra con c6 birc bich hoa vé& trén cac 6 nhu lién ba, tuong cd diém thé hién canh sinh
hoat lao dong vin héa thudng nhat ngudi xua. Loi vé gian don, md phong khung canh 1a chinh,
cac nhan vat chi sap xép theo hoat canh.

Khong thé hién sac thai riéng cta ting nhan vat.
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+ Pip ndi, kham can sanh st (con gidng bo mai, 6 hoc bd mai).

Riéng phan (ngda) dap kham, can sanh st con gidng va 6 hoc bd mai mang phong cach cua
cong trinh kién trac Trung Hoa 3 rét.

Rong nhé ¢6 cdu trac nho gon mang tinh biéu twong 14 chinh. K¥ thuat dap can kham sanh
st khong day chi diém cac bd phan cia con gidng phan da ciing dé 16 ra kha nhiéu. Nét doc dao
& day 1a cac loai mau ctia manh sanh; thé hién & mang manh sanh thudc timg bd phan con gidéng
va tao nén chinh phu rd rang vé cau trac hinh dang, mang khdi nhe nhang thanh thoat khong kém
phan uyén chuyén.

3.4.4. Mau sdc trang tri

Mau sic theo quy luat mau ngii hanh:

+ Theo triét hoc ¢ Trung Hoa, tat ca van vat déu phat sinh tir ndm nguyén t6 co ban va ludn
ludn trai qua nam trang thai duoc goi 1a: Moc, Hoa, Thd, Kim va Thuy. Nam trang thai nay, goi
12 Ngii hanh, khong phai 1a vat chat nhu cach hiéu don gian theo nghia den trong tén goi cia
ching ma dung hon 1a cach quy wdc cta ngudi Trung Hoa c6 dai dé xem xét mdi twong tac va
quan h¢ cua van vat.

Hoc thuyét Ngii hanh dién giai sy sinh hoa cia van vat qua hai nguyén 1y co ban (4 - Sinh)
con goi 1a Tuong sinh va (52 - Khéc) hay Tuong khic trong mdi twrong tic va quan hé cta ching.

Trong quan niém phong thuy c6 dai, mau sic 1a mdt phan rat quan trong trong phong thuy.
“Mau sic trong phong thiy chu yéu hudng dén viée can bang ning luong Am va Duong dé dat
dén sy hai hoa 1y twong. Am 1a sic t6i yén tinh hip thu mau va Duong 13 sic sang chuyén dong
phan &nh mau”.

Niam nguyén td va cac nguyén 1y co ban ctua Ngii hanh di anh huéng manh mé dén nhiéu
linh vuc hoat dong ctia ngudi Trung Hoa ciling nhu mdt s6 qudc gia va ving 1anh thd xung quanh
nhu: Viét Nam, va cac nudc trong khu vuec... tir thoi ¢ dai dén nay trong nhiéu linh vuc khac
nhau; dac biét trong kién tric va hoi hoa. Nam yéu td ngll hanh c6 céac thudc tinh khac nhau va
mau sic ching dai dién 13 khac nhau s& tic dong nhitng ngudn ning luong khac nhau.

- Phan chia mau sic theo ngii hanh:

+ Mau d6 - hanh Héa;

+ Mau vang - hanh Tho;

+ Mau tring - hanh Kim;

+ Mau xanh - hanh Moc;

+ Mau den - hanh Thuy.

3.4.5. Gid tri vit liéu truyén théng
Vit liéu chinh str dung ctia cong trinh: gach, ngo6i nung; voi toi, da cat Kkét.

Manh sanh st cdc mau kham can manh sanh s trén con giong bd ma va 6 hoc bo ndc, bo

quyét. Theo tong mau Phap lam 14 loai nem dugc phu trén cbt dong, dit va nung ¢ nhiét do cao
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tao ra cac mau tinh t& dic sic trong ngh¢ thuat va nghé thuat trang tri. Nghé men st va men lam
(Phap lam) d phat trién ruc 1 sic ciia ngudi Trung Hoa luc bay gio. C6 18 vi thé cac mau men
duogc lua chon rat k§ dé dua vé phuc vu cho viéc gan kham sanh st cho cong trinh. Mau chu dao
lam, xanh ngoc, vang, tring, do tia (hong canh sen).

Phan moc 1 cic loai gd quy hiém (T thiét) toan bd cong trinh dugc son son (Son mai
truyén théng) bac biét cac thanh phén bd phan kién trtc cling nhu dd tho, tuong tron dugc trang
tri duwoc son son thép vang nguyén. Nhu db cung; tru doi; vi vo cua ... Ddc biét hé théng hoanh
phi cau d6i; kham tho, khung ctra vong. Sip xép khong gian tho ty cting véi sic son do va vang
bao phu phan 16n noi that cong trinh. Tao nén gia tri hidu tng tham my doc ddo cua cong trinh.

3.4.6. Gid tri thim my sw biéu cim ciia Nghé thudt trang tri (Nghé thudt khong bi b6 bujc
dong khung)

Ngoai gia tri vé kién trac thi nghé thuét trang tri ciia Kién An Cung 1a cong trinh dic sic con
lai ¢én nay & ving mién. Trong mot tong thé hai hoa vé dé tai, chat lidu, phong cach... mau sic
trang tri; thi cong trinh con mang lai gi tri thim my khac d6 1a sy khong gidi han theo kiéu thic
dinh c6 sdn. Goi md phong cach thoang dang chimng muc cia noi linh thiéng. Gan giri véi thién
nhién v6i con ngudi cong déng xung quanh. Dé tai ¢ that nhan vat co that hodc thé theo cac ¢b
tich xua ma ai ai cling biét va hiéu thong qua gia trj tinh than. D& cao vai trd con ngudi la chu thé
giita Pao va Doi hudng dén cai thién long nhan tir va tri tué. Hoa quyén giita con nguoi va van
vat canh sic vii tru. Huéng dén sy phon thinh 4m no cua déan toc. Vi vay ma du cong dong ngudi
Hoa, Kinh, Khomer déu quy tu vé ddy va xem nhu noi thd cing chung ctia cong dong khac nhau.

Nhin nhan tir thue té cong trinh van noi sinh hoat cua phﬁn dan cu ¢ dia va khach thap
phuong quy tu hodc mot doi lan ghé qua ciing bai dén nay van cam nhan dugc su trang nghiém
linh thiéng ctia Kién An Cung. Ludn tao su 4m clng, gan giii v6i dan nhan noéi chung va cu dan
& dia phuong noi riéng. La noi sinh hoat tdm linh dugc gin gitr bao ton nguyén ven vé gia tri vat
chat va tinh than tim linh tin ngudng ciia viing dong bang song Ciru Long.

4. KET LUAN

Chua Kién An Cung 1 cong trinh kién trac doc dao, hé thdng trang tri tinh xao. Biéu trung
cho nén vin hoa cua ngudi Hoa ¢ Viét Nam néi chung va & Nam Bo néi riéng thoi bay gio.

Chua Kién An Cung 13 noi sinh hoat tdm linh cta cong dong nguoi Hoa va nguoi Viét khu
vuc Sa Péc; Véi 16i kién tric mang dam phong cach Trung Hoa, v6i mdt nén vin hoa truyén
théng dic sic, Kién An Cung da dugc BO Van hoa Thong tin cong nhan 1a di tich lich sur -
vian hoa cip qudc gia vao ngay 27/4/1990.

Chua Kién An Cung la diém sinh hoat vin hoa tdm linh cho cac dan toc khu vuc Thanh phd
Sa Péc noi riéng va dong bang song Ctru Long néi chung. Chuia Kién An Cung 1a diém dén hap
dan cho du khach, gin giit nhitng gia tri van hoa - nghé thuat - kién trac dic sic cta cha ong ta
trong giai doan lap dét gitr dat.
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NGHIEN CUU ANH HUONG CUA COT LIEU LAM TU XI THEP
BA RIA -VUNG TAU TOI CUONG PO VA CO NGOT CUA BE TONG

RESEARCH ON EFFECTS OF BA RIA - VUNG TAU STEEL
AGGREGATE TO THE STRENGTH AND SHRINKAGE OF CONCRETE

ThS. Nguyén Thanh Théi
Vién Khoa hoc cong nghé xay dung, Email: nguyenthai@ibst.vn

TOM TAT: Xi thép 14 mot san phim phu cua qua trinh san xuét thép. Xi thép chu yéu 1a oxit sit duoc
nghién thanh hat kich thuéc khac nhau sir dung nhu cbt liéu 16n va nho cho bé tong. Trong nghién ctru
nay, xi thép dugc s dung dé thay thé 100% lan lugt cbt liéu 16n va nho dé san xuét bé tong. Két qua
nghién ctru cho thiy co thé san xuat bé tong c6 cudng do nén dén 70 MPa. Cudng do ciia bé tong sir dung
xi thép twong duong hodc cao hon, dd co nho hon so voi bé tong sir dung cbt liéu thong thudng.

ABSTRACT: The steel slag is a byproduct of steel processing. The steel slag consists mainly of iron
oxide, which is crushed into different sizes having similar size, such as coarse aggregates and fine
aggregates for concrete use. In this study, steel slag were analyzed in physical properties and chemistry,
then slag is used to replace 100% respectively coarse aggregates and fine aggregates in concrete high
intensity for compressive strength of 70MPa. The strength of concrete using steel slag is equivalent or
higher, the shrinkage is smaller than that of concrete using conventional aggregates (stone, sand).

1. PAT VAN PE

Trong bé tong cdt liéu chiém mot khéi lwong 16n, co thé tir 50% dén 70%. Bé tong thong
thuong sir dung cdt lidu tu nhién 1a d4, cat, cat nghién. Hé qua 1a, tai nguyén tong hop tho tu
nhién tr& nén can kiét, khan hiém dan. Xi thép 1a phé thai cua cong nghiép, mot san phdm phy
ctia san xudt thép c6 nhiéu tinh chat co Iy twong tu nhu cbt lidu, nén viéc nghién ctru tmg dung xi
thép 1am cbt liéu dé san xuit bé tong 1a viéc can thiét.

Nam 2009, Hisham Qasrawi dd nghién ctru str dung xi thép phé thai khong qua xir Iy va c6
ham lugng CaO thip, lam cbt liéu nho thay cat trong bé tong. Két qua nghién ctru cho thiy rang,
xi thai sir dung véi ham lugng 30%-50% lam cho cuong d¢ chiu nén tang 1,2 lan, cuong do chiu
kéo ting 1,4 1an. Ngoai ra, do sut cia hdn hop bé tong giam xudng khi ham luong xi thép sir
dung tang 1én. Nam 2017, tac gia Radhu Chandini da nghién ctru “Str dung xi thép trong bé tong
lam cbt liéu min”. Nghién ctru tién hanh thay thé cat bang xi thép véi ty 18 1an luot 1a 15%, 30%,
50% va 100%. Két qua nghién ciru cho thay gia tri cuong do toi wu khi thay cat bang xi thép
tir 30-50%. Céc nghién ciru thuong thay thé mét phan xi thép va tap trung & cuong do tir 25-45 MPa.

Céc nghién clru trong va ngoai nudc cho thiy cdt lidu xi thép c6 anh hudng tdt téi cac tinh chat
co 1y ctia bé tong (cudng do chiu nén, cuong do chiu kéo, md dun dan hoi) phi hop dé san xuat bé
tong. Trong nghién ctru nay muc dich 1a thay thé xi thép cho toan b cdt lidu da va cat dé ché tao
bé tong c6 cudong do dén 70 MPa. Thong qua dé, danh gia cuong do cta bé tong xi thép trong céc

dicu kién dudng ho va nghién ctru anh hudng cia cot li€u xi thép dén co ngdt cia bé tong.
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2. VAT LIEU SU DUNG VA PHUONG PHAP NGHIEN CUU
2.1. Muc tiéu nghién ciru
Nghién ctru kha ning thay thé cbt liéu 16n va nho trong bé téng bang xi thép, su anh hudng
ctia xi thép dén cudng d6 va co ngdt cta bé tong trong cac diéu kién dudng ho khac nhau.
2.2. Nguyén vat liéu sir dung

Trong nghién ctru nay st dung thanh phan cip phdi bé tong cudng d6 cao la xi mang PC40 -

Ha Tién, cat vang, da 5 x 20, xi thép min, xi thép tho va phu gia siéu déo.

Xi mang: Nhom nghién ctru da st dung loai xi mang PC40 - Ha Tién c6 dac tinh k¥ thuat sau:

Béang 1. Chi tiéu k¥ thuat cia xi mang PC40 - Ha Tién

Chi tiéu k¥ thuat Két qua Tiéu chuan ap dung

Khéi lugng riéng, g/cm’ 3,08 TCVN 4030:2003
Khdi lugng thé tich, g/cm’ 1,10 TCVN 4030:2003
Do nghién min phuong phap Blaine, cm?/g 3.790 TCVN 4030:2003
Do déo tiéu chuén, % 28,0 TCVN 6017:2015
Do 6n dinh thé tich, mm 1,4 TCVN 6017:2015
Thoi gian dong két, phat

Bit dau: 120 TCVN 6017:2015

Két thuc: 226
Cuong do nén, MPa

- O tudi 3 ngay: 29.3 TCVN 6016:2011

- O tudi 28 ngay: 46,2

Bang 2. Thanh phan hoéa ctia xi mang PC40 - Ha Tién

Si0,

Al,Os

F6203

CaO

MgO

SO3

Na20

K,O

MKN

CKT

19,68

4,79

3,39

62,86

1,86

2,43

0,08

0,81

3,12

0,98

Phu gia héa hoc: dé tai st dung phu gia MIGHTY 3000-PC2 1a phu gia siéu déo thé hé méi
dung cho bé téng co6 d6 chay cao. Pay 1a mot loai phu gia siéu déo gdc Polycarboxylic Ether
(PCE) phu hop tiéu chudn ASTM C494 loai G va loai F.

Cét liéu nho: Cat vang c6 ngudn gde tir Séng Dinh ¢ cac chi tiéu ki thuat dap tng yéu cau
k¥ thuat theo TCVN 7570:2006, mot s6 chi tiéu ky thuat ctua cat vang nhu sau:
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Béang 3. Céc chi tiéu k¥ thuat cua cat

Chi tiéu k¥ thuat Pon vi Két qua Tiéu chudn 4p dung
Khdi lugng riéng g/cm’ 2,62 TCVN 7572-4:2006
Khdi lugng thé tich xp g/em’ 1,39 TCVN 7572-6:2006
Mb dun d6 16n - 2,57 TCVN 7572-2:2006
Ham lugng bui mun sét % 0,04 TCVN 7572-8:2006
Ham lugng tap chét hitu co - Nhat hon mau chuan TCVN 7572-9:2006
D6 hut nuée % 0,53 TCVN 7572-4:2006

Cot liéu I6n: Pa c6 ngudn gde Tan Cang - Ddng Nai 14 loai d4 c6 cap phdi hat 5 x 20 mm, cac
chi tiéu ky thuat dap tmg yéu cau theo TCVN 7570:2006, mdt s6 chi tiéu ky thuat ciia ¢4 nhu sau:

Bang 4. Chi ti€u k¥ thuat cua da

Chi tiéu ky thuat Pon vi Két qua Tiéu chuédn ap dung
Khéi lugng riéng g/cm’ 2,72 TCVN 7572-5:2006
Khdi luong thé tich xdp g/cm’ 1,36 TCVN 7572-6:2006
Do hiit nude % 0,33 TCVN 7572-4:2006
Ham lugng bui mun sét % 0,41 TCVN 7572-8:2006
D06 mai mon Los Angeles % 15,70 TCVN 7572-12:2006

Xi thép: xi thép dugc lay cua Cong ty TNHH Vat Liéu Xanh nhan hiéu Ecoslag, cong ty da

dau tu xdy dung du 4n thu gom xi thép tir cac nha may luyén thép trén dia ban tinh Ba Ria -

Viing Tau, st dung cong nghé nghién sang di dong dé tai ché xi thép thanh cic san pham st

dung vao cac muc dich khac nhau. Trong nghién ctru nay ldy 02 loai c& hat: xi thép min va xi

thép tho dé lay 1am c6t liéu nho va cdt lidu 16n trong bé tong.

Xi thép min: duoc lay sau khi nghién min thanh ¢ hat nho, dap ung yéu cau k¥ thuat theo
TCVN 7570:2006 dung dé thay thé cdt liéu nho (cat vang), c6 mot sé chi tiéu k¥ thuat nhu sau:

100

/'__//

-

= B0
- /
g 60
o
g 40
@
g- 20
A
0
0.63
0.4 g 315

1.25 15

50

Kich thwdre mit sang, mm

95

Hinh 1. Thanh phan cip phdi hat cta xi thép min
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Bang 5. Chi tiéu k¥ thuat cta xi thép min

Chi tiéu k¥ thuat Pon vi Két qua Tiéu chuan ap dung
Khéi lugng riéng g/cm’ 3,39 TCVN 7572-5:2006
Khdi lugng thé tich xdp g/em’ 1,64 TCVN 7572-6:2006
Mb dun d6 16n - 2,70 TCVN 7572-2:2006
Ham lugng tap chét hiru co - Nhat hon mau chuan TCVN 7572-9:2006
Do hit nude % 2,40 TCVN 7572-4:2006

Xi thép thé: duoc 1y tai bai xi tho, sang lai twong tng véi ¢d hat 5 x 20mm va dap tng yéu
cau k¥ thuat theo TCVN 7570:2006 dung dé thay thé cbt liéu 1on (d4), mot s chi tiéu ki thuat
nhu sau:

Bang 6. Chi ti€u ky thuat cta xi thép tho

Chi tiéu k§ thuat Pon vi Két qua Tiéu chudn ap dung
Khdi lugng riéng g/em’ 3,49 TCVN 7572-5:2006
Khdi lugng thé tich xop g/em’ 1,69 TCVN 7572-6:2006
D¢ hiit nude % 1,79 TCVN 7572-4:2006
Ham lugng bui mun sét % 0,24 TCVN 7572-8:2006
D6 mai mon Los Angeles % 18,00 TCVN 7572-12:2006

ZekU e BBEE 11 Z4 SEI

Hinh 2. Mau xi thép va hinh chup SEM cuia mau

Quan sat hinh chup SEM ctia miu xi thép c6 thé thay cdu trac cua xi thép gdbm nhiéu 15 rdng
lién két véi nhau.
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2.3. Cip phdi bé tong nghién ciru

Trong nghién ctru nay sir dung 3 cip phdi voi do sut 14+2cm dé so sanh, ddi chimg, cac cp
phéi c6 chung ham lwong xi ming 1 447kg/m’ va ty 1& N/X khac nhau. Cp phéi 1: Sir dung cdt
lidu cat va da; Cap phdi 2: Thay thé cbt liéu d4 bang xi thép tho va cap phdi 3: Thay thé ca ct
lidu dé va cat 1an luot br:ing xi thép tho va xi thép min. Céc loai cdt lidu duoc ngadm nudc 24 gio

va tron vao bé tong ¢ trang thai bao hoa nudce.

Bang 7. Cap phdi bé tong nén va cip phdi bé tong xi thép

CPO 447 795 1090 - - 4,47 143 0,32
CP1 447 795 - - 1315 4,47 157 0,35
CP2 447 - - 915 1315 4,47 189 0,42

M&i cip phdi duge bao dudng trong diéu kién khac nhau, méi truong bao dudng ngdm nudc
va mdi truong kho trong phong thi nghiém sau d6 mang di nén & cic ngay tudi 3, 7, 14, 28 va

56 ngay.

3. KET QUA NGHIEN CUU

3.1. Anh huéng ciia xi thép dén cwong dd nén ciia bé tong cuong d cao trong diéu kién bao
dwong khac nhau

Két qua cudng do nén cua bé tong duoc thé hién qua bang 8 va hinh 3. MAu ky hi¢u CPO,
CP1, CP2 1a miu dugc dudng ho trong diéu kién tiéu chuin (ngdm trong nudc), mau ky hiéu
CP0-K, CP1-K, CP2-K 1a cac miu dugc dé trong phong thi nghiém nhung khéng duoc bao

dudng trong nudc.

Bang 8. Tc do phat trién cudng do nén cua cac mau bé tong, MPa

Chp ohés Neay 3 7 14 28 56
CPO 60,3 76,7 86,2 87,5 89,1
CP0-K 58,0 68,4 81,1 83,5 84,7
CP1 61,1 71,9 75,5 77,9 78,4
CP1-K 62,9 70,7 74,8 76,9 77,4
CP2 52,7 63,8 65,9 68,1 70,2
CP2-K 54,1 62,2 65,6 69,2 71,0
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Hinh 3. Bicu do phat trién cudong do nén ctia cac mau bé tong

Nhdn xét:

O tudi 28 ngay, bé tong dat cuong d6 70MPa voi cap phdi CPO, CPO-K, CP1, CP1-K; bé
tong chua dat cuong do thiét ké véi cip phdi véi cap phdi CP2, CP2-K. Cudng do cua cap phdi
CP1, CP2 so v6i cp phdi nén CPO lan luot 1a 89,02% va 77,83%; cudng do cua cap phdi
CP1-K, CP2-K so véi cap phdi CPO-K 1an luot 1 92,01% va 82,87%. O tudi 56 ngiy, bé tong
dat cudng do 70MPa voi tat ca cac cap phdi: CPO, CPO-K, CP1, CP1-K, CP2, CP2-K. Do xi thép
c6 bé mit gd ghé nén tao dién tich bam nhiéu hon cho hd xi ming, qua d6 bé tong xi thép phai sir
dung thé tich hd xi ming va luong N/X 16n hon bé tong thong thuong tai cing mot d6 sut. Khi
lugng N/X tai cap phdi st dung xi thép 16n hon gdy giam vé cudng d6 bé tong, do vy cap phdi
CP2, CP2-K chua dat dugc cuong do ¢ tudi 28 ngay.

So sanh trong cic diéu kién bao dudng khac nhau ta thiy cuong do cap phdéi CPO khong
dugc dudng ho thip hon kha nhiéu khi duoc dudng hd & 3, 7 va 28 ngay lan luot 1a 96,1%,
89,1% va 95,5%. Nhung v6i cip phdi CP1 va CP2 khi thay thé cdt lidu cat, d4 bang xi thép thi
cuong d6 khi khéng dudng hd va dudng hd gan nhu twong dong nhau. O do tudi 28 ngay cép
phdi CP1, CP2 so véi khi dudng ho 14 98,7% va 101,6%. Khi bé tong trong qua trinh déng ran
can mot luong nudce nhat dinh trong qua trinh hydrat hoa hinh thanh cudng do, voi bé tong sir
dung cbt liéu cat da thong thuong khi khong duoc dudng hd, nuée can cho phan tng hoa hoc bi
méat di 1am cho bé tong thiéu nudce, cudng d6 bé tong khong duge dudng ho s& co xu hudng thip
hon khi duge dudng ho. Khi bé tong sir dung cdt lidu xi thép duoc 1am uét trude, nudc trong cac
16 rdng cua xi thép dé dang giai phong luong nudce can thiét thuc diy t6i da héa qua trinh hydrat

hoa ciia xi ming va pozzolans trong bé tong, qua d6 gbp phan duy tri cudng do bé tong.

3.2. Anh huéng ciia xi thép téi dd co ciia bé tong trong vong thép han ché

Thi nghiém xac dinh nirt va co ngét cua bé tong cuong do cao sir dung xi thép dugc xéc dinh
bang vong thép han ché theo tiéu chuan ASTM C1581-04, chi do trong diéu kién dudng ho theo

tiéu chuan quy dinh, m6 hinh thi nghiém dugc thé hién ¢ hinh 4. Cac mau bé tong sau khi ché
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tao duoc thao khudn, thoi diém nay 1a thoi diém (t = 0) xac dinh bién dang cua vong thép. Trong
phuong phép thi nghiém nay, vong tron bé tong tao ra bién dang co ngét s& tao ap luc 1én vong
thép. Bién dang co ngot ciia vong bé tong cang 16n thi bién dang trén vong thép cang 16n. Mtic
d6 bién dang ctia vong thép duoc xac dinh thong qua tezomet dién trd (strain gages) gan vao mat
trong cia vong thép.

Méau bé téng

Lép phu
N\

Tam dé

406 mm

Mt bang Mat cat A-A
Hinh 4. M5 hinh thi nghiém co ngét han ché

Thi nghiém xé&c dinh thoi
diém nut, co ngét cua bé tong
cuong do cao st dung cdt lidu xi
thép bang vong thép han ché
duoc thé hién nhu hinh 5. Két qua
bién dang cua vong thép do co
ngoét ctia vong bé tong duoc thé

hién qua hinh 6. Qua tinh toan, ta
¢ g suit kéo ciia bé tong theo

thoi gian qua hinh 7. Hinh 5. Miu thi nghiém co ngét bi han ché

V6i miu bé tong str dung cdt liéu cat, d4 thong thuong thoi gian xudt hién vét nit 13 18 ngay.
Véi miu bé tong thay thé cdt liéu 16n bang xi thép thé thi dén 28 ngdy chua thiy xudt hién vét
ntt. Con mau bé tong thay thé ca cbt liéu 16n va nho bang xi thép tho va xi thép min xuat hién
vét niit tai tudi 28 ngay, diéu nay duogc giai thich véi cip phdi c6 ty 16 N/X 16n thi kha ning gay
nut cling 16n hon. Nhin chung, sy c6 mat cia xi thép ngdm nudc co vai trd 16n trong viéc han
ché nirt trong bé tong khi co ngét, qua d6 1am chdm qua trinh hinh thanh vét nit.

C6t lidu xi thép c6 bé mat nham rap s& tao lién két t6t hon voi hd xi ming qua d6 lam ting
g suat kéo trong bé tong. Cac nghién ciru trén thé gidi ciing cho thiy cudong do kéo ciia bé
tong sir dung xi thép c6 thé ting dén 1,4 1an so voi bé tong cbt lidu cat, da. Cuong do kéo cta bé
tong duogc cai thién qua d6 kha ning giy nut sé duoc han ché. Ngoai ra, bé tong sir dung xi thép
thi trong sudt qua trinh dong ran cua bé tong luong nudc trong 16 rong xi dugc cung cip lién tuc
trong qua trinh hinh thanh khoang héa, nudc vat 1y it duoc ldy di nén han ché viéc giam thé tich
ctia bé tong, qua d6 han ché viéc co ngot trong bé tong.
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Hinh 6. Biéu d bién dang ctia vong thép trong thi nghiém co ngét han ché

4. KET LUAN

Dua trén két qua nghién ctru dat dugc, mat s6 két luan duoc rut ra nhu sau:

- C6 thé sir dung xi thép Ba Ria - Viing Tau dé san xuat bé tong c6 cuong do nén dén 70 MPa.

- Két qua thi nghiém co ng6t han ché cho thiy, bé tong sir dung cdt lidu cat, da thong thudong
d6 co 16n hon so v6i bé tong sir dung cbt lidu xi thép. Mau bé tong sir dung xi thép bi nut ¢ tudi
21 ngay, cac mau bé tong sir dung xi thép bao hoa nudc tuy lwgng N/X 16n hon nhung bi nirt &
tudi dai ngay hon (16n hon 28 ngay tudi). Tir d6 cho thdy hiéu qua st dung xi thép dé han ché
viéc co ngot va gay nut trong bé tong.

- Bé tong st dung xi thép trong diéu kién khong can dudng ho van phat trién cudng do twong
duong véi bé tong khi dudng ho, trong khi d6 v4i bé tong sir dung cdt lidu cat d thi thap hon.
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NGHIEN CUU CHE TAO BE TONG CUONG PO CAO HAT MIN
KHONG XI MANG SU DUNG HON HOP TRO BAY NHIET PIEN
VA XI LO CAO HOAT TINH

THE RESEARCH AND MANUFACTURE OF HIGH-STRENGTH FINE -
GRAINED CONCRETE WITHOUT CEMENT USING A MIXTURE
OF FLY ASH AND BLAST FURNACE SLAG

TS. Tang Van Lam
Trudong Pai hoc Mo - Pia chat, Email: lamvantang@gmail.com

TOM TAT: Trong bai viét nay di cho thdy tiém ning ché tao bé tong cuong do cao st dung chét két
dinh khong xi mang tir hon hop phé thai cong nghiép ¢ Viét Nam. Trong do, tro bay nhiét dién Viing Ang
va xi 10 cao Hoa Phat dugc st dung nhu 1a vt liéu alumino-silicat, dung dich NaOH véi néng d6 mol/lit
la 10 M va Na,SiO; c¢6 modun silic 2,5 duoc st dung nhu 1a dung dich kiém kich hoat. Ty 1€ gitta dung
dich hoat hoa véi vat liéu alumino-silicat dugc khao sat 1a 0,40. Ty 1€ tro bay-xi 10 cao dugc nghién ctru tir
65/35 dén 35/65 theo khdi lugng. Tinh cong tac ciia hdn hop bé tong duoc xac dinh bang do xoe trong con
vita va cuong do cia mau thi nghiém dugc xac dinh trén khuon hinh ling try kich thudc 40x40x160 mm.
Muc tiéu ctia nghién ctru nay 1a hdn hop bé tong c6 do chay xoe tir 20 dé 25 cm va cuong do nén thiét ké
& tudi 28 ngay dat trén 70 MPa.

TU KHOA: Bé tong cuong do cao hat min, xi 10 cao, tro bay, dung dich kiém hoat, cuong do nén.

ABSTRACT: In this article, fly ash in thermal power plants combined with blast furnace slag is used to
make high-strength fine-grained concrete without using cement. In which, fly ash "Vung Ang" and blast
furnace slag "Hoa Phat" are used as alumino-silicate materials, NaOH 10 M and Na,SiO; solutions are
used as the alkali-activator solution. The ratio between the activator solution and the alumino-silicate
material is 0.40. The ratio of fly ash to blast furnace slag was studied from 65/35 to 35/65 by mass. The
workability of the concrete mixture is determined by a flow of a truncated cone and the strength of the test
specimen is determined on a prismatic mold with dimensions of 40x40x160 mm. The objectives of the
research are to make a fine-grained concrete mix with the spread from 20 to 25 cmand compressive
strength at the age of 28 days reaching over 70MPa.

KEYWORDS: High-strength fine-grained concrete, Blast furnace slag, Fly ash, Alkali-activator,
Compression strength.

1. GIOI THIEU

Nhiing ndm gﬁn day, Viét Nam da tap trung vao vi¢c xu ly, sir dung tro bay nhiét dién, xi
luyén kim... ctia cac nha may nhiét dién, luyén kim dé 1am nguyén liéu san xuét vat liéu va trong
cac cong trinh xdy dung [1, 2]. Nhung do nhiéu nguyén nhan khac nhau, viéc xtr 1y, tiéu thy tro,
Xi... van chua dat dugc muc tiéu dé ra, san luong tiéu thu chét thai chua can béng voi lugng phat
thai. Mat khac, téng khdi luong tro, xi luu gitr tai bai chira ciia cdc nha may hién con rt 1on va
van tiép tuc ting cao; nhidu bai thai chi con kha niang luu chita trong mot vai nam téi [3, 4].

Bén canh d6, véi qua trinh cong nghiép hoa, hién dai hoa trong giai doan cach mang Cong
nghiép lan tha 4 & Viét Nam, nhu ciu sir dung nang lugng dién dbt than va céc loai hop kim nhu:
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gang, thép, hop kim... ngdy cang cao. Diéu nay dan t6i lugng phat thai tro xi 10 cao ngdy cang
16n, cac ngudn phé thai rin nay dang ton chira tai cac bai thai ngay cang nhiéu [5]. Néu khong
dugc xtr Iy dung cach, n6 c6 thé gy 6 nhiém nudc va dat, pha v& cac chu ky sinh thai va gay
nguy hiém cho méi trudng [6, 7].

Dé khic phuc nhitng van dé nay, Thi tuéng Chinh phii dd ban hanh Chi thi s6 08/CT-TTg
ngay 26/03/2021 [4] vé viéc tiép tuc ddy manh xur 1y, sir dung cac ngudn tro bay va xi 10 cao...
1am nguyén liéu san xuét vat lidu xay dung va sir dung trong cc cong trinh xay dung.

Mait khac, viéc san xuit nhiéu céc loai xi mang Portland kh4c nhau da giy ra nhiéu tac hai vé
moi trudong, dac biét 1a phat thai khi nha kinh, khoi bui va can kiét nguén tai nguyén thién nhién
(8,9, 10].

Véi muc ti€u giam ap luc xur ly céac loai chét thai cong nghi¢p, dac biét 1a tro bay nhi¢t dién
va xi luyén kim, xi 16 cao... dong thoi giam thiéu anh hudng doc hai, khoi bui, khi nha kinh cta
qua trinh san xuat xi ming Portland, ciing nhu gop phan giai quyét bai toan san xuét cac loai vat
lidu x4y dung "xanh", dinh huéng theo chién luoc phat trién xay dung bén vimg va thiic diy nén
kinh té tuan hoan, viéc nghién ctru ché tao cac loai bé tong khong xi mang tir 100% phé thai tro
bay nhét dién, xi 10 cao két hop véi dung dich hoat hoa dé phuc vu cho céc hoat dong xay dung
tai Viét Nam 1a hét sirc quan trong trong giai doan hién nay.

Muc dich chinh ctia nghién ctru nay 1 ché tao bé tong cuong do cao hat min khong xi ming
str dung hdn hop tro bay nhiét dién Viing Ang va xi 1o cao Hoa Phat két hop voi dung dich kiém
hoat hoa. Trong do, tro bay va xi 10 cao dugc st dung nhu 1a vat li¢u alumino-silicat giau nhom
va silic, dung dich NaOH 10M va Na,SiO3; véi modun Silica Mg = 2,5 dugc st dung nhu dung
dich kiém kich hoat cac hat tro xi. Nghién ctru nay di khao sat ty sb giita tro bay nhiét dién va xi
16 cao dao dong tir 65/35 dén 35/65. Ngoai ra, ty 1¢ gitta dung dich kiém kich hoat véi vat liéu
alumino-silicat dugc khao sat tai gia tri 0,40. Nhimng két qua thu duoc cho thay trién vong tai sir
dung triét dé hon cac ngudn chét thai rin cong nghiép dé ché tao bé tong cuong do cao, bé tong
chat luong cao... voi thanh phan khong chira xi ming tai Viét Nam.

2. VAT LIEU SU DUNG VA PHUONG PHAP NGHIEN CUU

2.1. Vat liéu sir dung

- -

a) Tro bay nhiét dién b) Xi 1o cao ¢) Natri hidroxit d) Dung dich
Viing Ang Hoa Phat dang rin Natri silicat

Hinh 1. Céc loai vét li¢u st dung
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2.1.1. Nguyén li¢u giau nhom va silic goi la vit lieu Alumino-silicat (ALS) dwoc sir dung

gom: tro bay nhiét di¢n Viing Ang va xi 6 cao Hoa Phdt

(i). Tro bay (TB) loai F ctia nha may nhiét dién "Viing Ang" duoc ldy tir kho "Thiéu Két"
cua nha may nhiét dién Formosa, thoa man cac yéu clu cua tiéu chudn TCVN 10302:2014 va

ASTM C618. Pay 1a loai tro bay di qua tuyén dé loai bé bt ham lwong tap chat khong cé loi

cho bé tong va lugng than chua chay.

(ii). Xi 10 cao hoat hoa nghién min S95 (Xi) duoc mua tir Khu lién hop gang thép
"Hoa Phat", thoa man yéu cau cua tiéu chuan TCVN 11586:2016. Céc tinh chat vat 1y co ban

va thanh phan hoéa hoc cua tro bay va xi duoc thé hién trong Bang 1 va Bang 2.

Bang 1. Tinh chit vét 1y cua Tro bay nhiét dién Viing Ang va xi 16 cao Hoa Phat

Loai vt liéu Ky hicu Ty dién b% mit riéng | Khdi luo’n% riéng |Khdi lugng thf tich kho
(m*/g) (g/em’) (kg/m)
Tro bay TB 5,12 2,35 1580
Xi 10 cao Xi 0,39 2,92 1550

Bang 2. Thanh phan héa hoc ciia Tro bay nhiét dién Viing Ang va xi 10 cao Hoa Phat

Ham lugng cac 6xit co trong vat li¢u (%)
Loai vat ) )
‘A Thanh pha L at
liu Si0; | ALOs | Fey05 | SO; | KpO | Na;O | Ca0 |+ ot PRAR j Luong ma
khac khi nung
Trobay | 522 | 233 | 98 | 25 | 23 | 21 | 1.2 2.4 42
Xilo cao 36,3 12,5 3.4 4,3 0,4 0,3 |40,1 1,3 1,4

Bén canh d6, nghién ctru nay da st dung phuong phap nhidu xa tia X (XRD) trén thiét bi
"D8 Advance-Bruker" dé nghién ctru thanh phan pha, thanh phan khoang va cau tric tinh thé cta
tro bay nhiét dién Viing Ang va xi 16 cao Hoa Phat.

Tir két qua XRD ciia miu tro bay Viing Ang (Hinh 2) va xi 10 cao Hoa Phat (Hinh 3) c6 thé
thay thanh phan pha chi yéu ctia mau tro bay va xi 1o cao 13 ¢ dang vo dinh hinh va mot phan
pha tinh thé, cu thé la:

(i) - Thanh phan pha v6 dinh hinh (SiO, va Al,Os hoat tinh) trong miu vat liéu d& dang bi
hoa tan trong qua trinh hoat hoa vat liéu nén mau tro bay va xi 10 cao trong nghién ctru nay co
tiém ning dé tao vat liéu khong nung tu dong ran.

(ii) - Thanh phan pha tinh thé dic trung nhat ctia mau tro bay 1a quatz va mullite, day 1 pha kho
bi hoa tan trong dung dich kiém manh (NaOH va Na,SiOs) [6, 10]. Di véi mau xi 16 cao, thanh
phan pha tinh thé 13 khong dang ké. Nén xi 10 cao dé bi hoa tan hon boi dung dich kiém hoat hoa.
Do d6, khi ty 18 tro bay/xi 10 cao thay d6i c6 anh huong dén céc tinh chit cta bé tong sir dung chat

két dinh trén co sé thanh phén tro bay, xi 10 cao va dung dich kiém hoat hoa [11,12].
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XRD, D8 ADVANCE-Bruker - Tro bay "Vung Ang" 4 XRD, D8 ADVANCE-Bruker - Xj o cao "Hoa Phat"
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Hinh 2. Gian db nhiéu xa XRD Hinh 3. Gian d6 nhiéu xa XRD
ctia tro bay nhiét dién Viing Ang cua xi 10 cao Hoa Phat

2.1.2. Dung dich kiém kich hoat

Do thanh phan cta loai bé tong nghién ctru khong chira xi ming Portland, dong thoi céc loai
tro xi khong c6 phan tmg thuy héa véi nude trong diéu kién thuong. Vi vay, trong thanh phan
loai bé tong nay phai st dung dung dich kiém manh dé hoa tan vat liéu Alumino-silicat.

Hon hop dung dich kiém kich hoat cé vai tro 1a chéat hoat héa, thiic ddy qua trinh geopolymer
héa, khir nguyén tr Al, Si trong Al,O3 va SiO,, dong thdi hoa tan cac hat tro bay va xi trong
nguyén vat liéu alumino-silicate dé tao thanh cac khoang c6 tinh chét két dinh trong thanh phan
ctia hon hgp bé tong.

Dung dich hoat héa trong nghién ctru ndy st dung 1a hdn hop ctia Natri hydroxit-NaOH
(dang rfm) va dung dich Natri silicat-Na,Si0;.

a) Natri hydroxyt (NaOH) sir dung & dang ran (dang vay khd) co tén 1a "Caustic Soda Flake
99%" dugc dat mua tai cong ty hoa chat Viét Nhat. Natri hydroxyt c6 mau tréng duc va do tinh
khiét 99%. Natri hydroxit thoa min cac yéu ciu k¥ thuat cta tiéu chuan TCVN 3794:2009 va
TCVN 3793:1983. Dung dich Natri hydroxyt thu dugc bang cach pha NaOH dang dang ran vao
nude dé dat duoc néng do mol theo yéu cau. Qua trinh chuan do dung dich nay nhdm muc dich
tao ra dung dich NaOH véi nong d6 mol/lit 1a 10 M voi thanh phan duoc xac dinh 1a 31,4%
NaOH (dang ran) dugc pha ché véi 68,6% nude. Khoi lugng riéng ciia dung dich NaOH 10 M
duoc xac dinh 1a 1,41 g/cm3.

b) Dung dich Natri silicat (Na,SiO3) dugc mua c6 ngudn gbc tir nha may hoa chét Viét Nhat
¢6 modun silic Si0,/Na,O = 2,5. Dung dich Natri silicat c6 thanh phén gém 11,8% Na,0; 29,5%
Si0, va 58,7% H,0, thoa min cac yéu cu k¥ thuat cia tiéu chuin 64TCN 38:198. Khi lugng
riéng cua dung dich Na,Si0; dugc xéc dinh 1a 1,55 g/cm3.

2.1.3. Cét ligu nhé

C6t liéu nho sir dung trong nghién ctru ndy 13 cat vang song Lo (C), loai hat thd, chat lugng
tbt, thoa méin yéu cau cua tiéu chuan TCVN 7570:2006. Do trong thanh phan cua bé tong hat
min khong c¢6 cdt liéu tho. Vi vay, cat vang song Lo 13 thanh phan cdt liéu chinh trong loai
bé tong nay. Cac tinh chat vat 1y cia cat vang song Lo duoc thé hién trong Bang 3.
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Bang 3. Tinh chit vét 1y cua cat vang song Lo

STT Chi tiéu xac dinh Phuong phap thi nghiém Pon vi Két qua

1 |Khdi luong riéng TCVN 7572- 4:2006 g/em’ 2,65

2 |Khéi lugng thé tich xbp TCVN 7572- 4:2006 kg/cm’ 1560

3 |Dorong TCVN 7572- 4:2006 % 44,5

4 |Mo6 dun d6 16n TCVN 7572- 2:2006 - 3,0

5 |DPo am tu nhién TCVN 7572- 7:2006 % 0,43

6 | Tap chitmica TCVN 7572-20:2006 % Cho phép
8 |Tap chét bun, sét, bui TCVN 7572- 8:2006 % 0,25

9  |Tap chit hitu co TCVN 7572- 9:2006 Somau | Cho phép

Biéu db thanh phan hat cua cat vang song L6 dugc thé hién trén Hinh 4.

0

20 -

6t lieu (%)

§ cua c

40 f--—/~
60 -

g sot tich lu

100 1

8O [ [/t

Luon

014" ) 063
0,315

Ghi chu:

[777777] Vung thanh phan hat tiéu chuén quy dinh

Puong biéu dién thanh phan hat cta cat vang song Lo

1,25 2,5

Pudng kinh céc mat sang tiéu chuan (mm)

Hinh 4. Biéu d6 thanh phan hat cua cat vang song Lo

2.1.4. Phu gia siéu déo giam nuwdc

Phu gia siéu déo SR 5000F «SilkRoad» (SD) cé khéi lugng riéng 1,12 g/m3 0 nhiét do
25 + 5°C. Pay la loai phu gia siéu déo thé hé 3, c¢6 thanh phan dya trén gdc Polycarboxylate. Phy

gia nay dugc st dung nham muc dich tang d¢ luu dong cua hdon hop bé tong sau khi nhao tron.
Phu gia siéu déo SR 5000F thoa mén cac yéu cau ky thuat cta tiéu chuan TCVN 8826:2011.

2.1.5. Nudéc

Nudc sach (N) duge su dung dé lam dung moi dé chuan do dung dich kiém hoat hoa, d@)ng thoi

duoc ding dé bao dudng mau sau khi thi nghiém, théa man ciia tiéu chuan TCVN 4506:2012.
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2.2. Phwong phap nghién ctru

Trong nghién ctru nay st dung cac phuong phap nghién ctru theo céc tiéu chuan sau:

1 - Thanh phén hat cta cat dugc xac dinh trén b sang tiéu chuin ¢ kich thude mét sang lan luot
1a: 0,14 mm; 0,315 mm; 0,63 mm; 1,25 mm; 2,5 mm; 5 mm theo tiéu chuan TCVN 7572-2:2006.

2 - Thanh phan hdn hop bé tong khong xi ming dugc tinh toan va xac dinh theo phuong
phap thé tich tuyét d6i va két hop véi diéu chinh bang thyc nghiém.

3 - Do thanh ph::in bé tong hat min chi chtra bt lidu co kich thudce tir 0,14 mm dén 5 mm nén
tinh cong tac cua hon hop bé tong hat min thi nghiém duoc xac dinh bﬁng do xoe cua con hinh
noén cut ¢o6 kich thude 100x70x60 mm theo phuong phap xac dinh do luu dong cua vira tuoi, phu
hop véi tiéu chuidn TCVN 3121-3:2003 (Hinh 5a).

4 - Khéi luong thé tich ctia hdn hop bé tong dugc xac dinh bang phuong phap cin khbi
luong va do thé tich trong thung dong tiéu chuan (thung dong c6 thé tich 1 lit), phu hop véi
TCVN 3108:1993. Bén canh d6, khéi luong thé tich ciia mau thi nghiém sau khi da cung ran
duogc xac dinh bang phuong phap can mau va do thé tich truc tiép trén miu thi nghiém, pha hop
voi TCVN 3115: 1993.

5 - Vi loai bé tong thi nghiém khong chtra thanh phan c6t liéu thd, nén cudng do kéo khi udn
va cuong do6 nén cua mau thi nghiém dugc xac dinh trén khuon vira tiéu chuan kich thuéc
40x40x160 mm, phu hop voéi tiéu chuan TCVN 6016:2011. Két qua thi nghiém cudng d6 cia mau
thi nghi¢m dugc xac dinh trén hé¢ théng may nén udn tu dong ADVANTEST 9 (Controls - Italia)
(Hinh 5b).

§

=
S

(b)

Hinh 5. X4c dinh d6 chay xoe ctia hdn hgp bé tong (a)
va mau bé tong kich thudc 40x40x160 mm

2.3. Xac dinh cAp phoi nghién ciru ciia hdn hop bé tong khong xi ming
2.3.1. Muc tiéu déi véi hon hop bé tong va bé tong cuwong dp cao khéng xi ming

(i) Muc tiéu vé tinh cong tac 1a hdn hop bé tong khong chira xi ming co tinh cong tac t6t véi
d6 xoe trong con vita dao dong tir 20 cm dén 25 cm. Hon hop bé tong nay cé thé duogc thi cong
toan khdi theo phuong phap bé tong bom, phuong phap vita dang hodc phuwong phap duc rot
trong xdy dung cac cong trinh ha tang & Viét Nam.

(i1) Muc tiéu v tinh chét co hoc cua loai bé tong nay la c6 cuong do nén thiét két & tudi 28
ngay dao dong trén 70 MPa, dugc x4c dinh trén cic vién mau hinh lang tru kich thudc
40%x40%x160 mm.
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2.3.2. Lwa chon cdc ty I¢ ciia nguyén vt liéu sir dung

Céc ty 1é nguyén vat liéu co sé trong nghién ctru nay di duoc lua chon dua trén két qua cua
cac nghién ctru vé bé tong hat min cuong d6 cao (khong c6 cdt liéu thd) ¢ nhidu nudc trén thé
gidi va ¢ Viét Nam.

a). Ty I¢ tro bay/xi lo cao, trong nghién ctru nay da lya chon ty 1€ tro bay/xi 16 cao (TB/Xi)
dao dong trong khoang tir 65/35 dén 35/65, dua trén cac két qua nghién ctru cua nhiéu nghién
ctru da thuc hién [6, 13, 14].

(b). Ham lwong cot liéu, trong nghién ctru ndy khong sir dung cdt liéu 16n, thanh phan cdt
liéu chi co kich thudc tir 0,14 mm dén 5 mm. Theo két qua ctia nghién ctru [15, 16], ty 18 cat/vat
liéu Alumino-silicat (C/ALS) 1a 1,3. Theo [17], ty 1& cat/chat két dinh 1a 1,2. Trong nghién ctru
nay, ty 1¢ C/ALS da chon 1a 1,25.

(c). Dung dich kiém kich hoat, ham lugng dung dich kiém kich hoat (DDHH) hop 1y 1a mot
van dé rit quan trong, s& giam b6t dugce lwong NaOH con du lai trong cdu trac san pham sau khi
tao hinh. Mit khac, néu ham luong cia dung dich kiém hoat hoa nho s& anh hudng dén qua trinh
tao thanh cac ion [SiO(OH)s]” va [AI(OH),], ciing nhu anh huéng dén qua trinh hoa tan bé mit
cua cac hat tro bay va xi 10 cao. Véi nhiéu nghién ctu [15, 18, 19], ty 1¢ DDHH/ALS dao dong
trong khoang kha rong tir 0,3 dén 0,45. Trong nghién ctru nay da khao sat ty 16 DDHH/ALS
khong doi va bang 0,40.

(d). Ty 1é Na,SiO3NaOH, theo nhiéu két qua nghién ctru vé bé tong khong xi ming trén nén
tang Geopolymer dé cho thdy, ty 16 Na,SiO;NaOH trong thanh phan cta bé tong kiém hoat hoa
dao dong trong pham vi kha rong tir 0,4 dén 2,5 [5, 6, 10, 20]. Trong gidi han cua nghién ctru ty 1¢
Na,Si03NaOH duogc gilr c¢d dinh va bﬁ“mg 2,0. Ty 1€ Na,SiO3NaOH = 2,0 con dugc bién gidi mot
phan 1a do chi phi cia dung dich Natri silicat ré hon dang ké so véi ctia dung dich Natri hydroxit.

(e). Lirong nuéc nhao tron, do hon hop bé tong khong chtra xi ming Portland, nén luong
nuéce st dung chi 13 phan nuéc dung dé pha ché NaOH (dang ran) thanh dung dich kiém véi
ndéng d6 mol/lit 1a 10 M. Ngoai ra, lugng nudc con duoc tinh toan thém vao 5% dé thim udt bé
mit cta cot liéu nho (cat vang) [21, 22].

(f). Ham luwong phu gia siéu déo, nghién ciru nay da chon ham luong phu gia si€u déo
SR5000F c6 dinh va bang 1% tong ham lugng vt liéu ALS [15, 16].

(g). Ham lwong khéng khi cudn vao khi nhao trén, do diéu kién phong thi nghiém khong ¢
thiét bi hiit khong khi cudn vao trong hdn hop bé tong khi nhao tron, dong thoi bé tong khong co
cdt lidu thd, nén nghién ciru nay da chon ham luong khong khi 1a 3% thé tich hon hop bé tong
[23, 24, 25].

2.3.3. Cép phoi bé tong cwong dp cao khong sir dung xi ming Portland
Tinh todn theo phuong phap thé tich tuyét ddi dua trén cac gia tri ty 1¢ vat liéu lya chon va
hiéu chinh cép phdi phut hop vdi cac tinh chit cua vat liéu str dung, dé tai khao sat 02 cap phdi

ctia hon hop bé tong cudng dd cao c6 thanh phan nhu trong Bang 4.
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Bang 4. Cap phdi so bo cta hdn hop bé tong cudng do cao khong xi ming

Cép phéi ciia hdn hop bé tong (kg/m®)

x B |ASL . i, L ¢k
Mau TN X Dung dich Chat ran Nudc/Ran

kg)|BT| Xi| C | SD Nuéce
NaOH | Na,SiO; | NaOH | Na,SiO;
BT-01 |65/35(857(557/300|1071| 8,57 | 114 | 228 35,9 94,4 | 213 | 0215
BT-02 |55/45|863 |475(388(1079| 8,63 | 115 | 230 36,1 95,1 | 214 | 0215
BT-03 |45/55(870(391|478|1087| 8,70 | 116 | 232 36,4 958 | 216 | 0215

BT-04 (35/65|876 |307(569(1095| 8,76 | 117 234 36,7 96,5 | 214 0,215

Trong d6: Thanh phan "ran", v6i thanh phan "ran" gdm hdn hop tro bay, xi 1o cao va phan

rén ctia dung dich hoat héa (NaOH va Na,SiOs) duge coi 1a “xi mang” trong loai bé tong nay.

2.3.4. Diéu kién bdo dwing miu

Trong nghién ctru nay, tit ca cac mau thi nghiém bé tong cudng do cao khong xi mang duoc
tinh dinh sau 24 gio trong khudn duc. Sau d6 cac miu thir duge dua di sdy trong ti siy ¢ khoang
nhiét do 60+80°C trong vong 1 gid, sau d6 dua di bao dudng trong mdi trudng nude & nhiét do
phong thi nghiém (¢ 25+2)°C cho dén tudi thi nghiém yéu cau. Muc dich qua trinh dudng ho
nhiét nay 1a nham myc dich ddy nhanh téc do dong két va ran chic ctiia hdn hop bé tong sau khi

tao hinh vién mau.

3. KET QUA VA THAO LUAN

Thuc nghiém trong diéu kién phong thi nghiém di xac dinh khéi luong thé tich va do chay
xde ctia hdn hop bé tong khong xi ming & trang thai déo. Bén canh d6, mot s tinh chat ctia bé
tong cuong do cao ¢ trang thai rin ciing da duoc xac dinh. Cac két qua thuc nghiém di dugc thé
hién trong Bang 5.

Bang 5. Tinh chit ciia hdn hop bé tong va bé tong cudng do cao khong xi ming

Mau bé tong thi nghiém

STT Tinh chét
BT-01 | BT-02 | BT-03 | BT-04

1 |D0 chay xoe (cm):

+ Ngay sau khi nhao tron 23 22 21 19

+ Sau 20 phut nhao tron 22 22 20 18,5

+ Sau 40 phut nhao trén 18 17,5 17 17

+ Sau 60 phut nhao tron 15 15 15 15
2 |Khéi lugng thé tich (kg/m®):

+ Cuia hon hop bé tong sau khi tron 2275 2291 2312 2328

+ Cuia bé tong & tudi 28 ngay 2244 2265 2296 2317
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Bang 5. (iép theo)

Mau bé tong thi nghiém

STT Tinh chét
BT-01 | BT-02 | BT-03 | BT-04
3 | Cuong d6 kéo khi uén (MPa) tai tudi 28 ngay 6,67 7,09 8,11 8,28
4 |Cuodng dd nén (MPa) tai tudi:
3 ngay 23,5 242 29,1 30,9
7 ngay 42,3 45,9 49,7 53,2
14 ngay 58,4 59,5 65,8 68,8
28 ngay 70,4 72,9 80,3 81,5

3.1. Tinh chit ciia hn hop bé tong sau khi nhao trén

Tir két qua thuc nghiém trong Bang 5 cho thay, khi két hop tro bay va xi 10 cao véi ty 1é thay
d6i tir 65/35 dén 35/65 thi d6 luu d6 ciia hdn hop bé tong thay doi dang ké. P xode ngay sau khi
nhao tron ciia hdn hop bé téng giam tir 23 cm xudng 19 cm. Hon hop thu duoc c6 do luu dong
cao hon bé tong xi ming truyén théng mic du ty 16 Nude/ran = 0,215. Diéu nay duoc giai thich
mot phan do loai bé tong nay khong sir dung xi ming Portland nén khong can nuéc cho xi ming
thity hoa, lugng nudc sir dung chi dé pha ché NaOH dang rén thanh dung dich NaOH c6 nong do
10 M. Mt khac, tac dong tuong hd cta phu gia siéu déo SR 5000F nén hdon hop sau khi nhao
tron van co tinh cong tac rat tot, do chdy cao, do déng nhét tdt, khong c6 hién tugng phan tﬁng
tac 16p giita cac thanh phan trong bé tong tong sau khi nhao tron.

Tir két qua trén Bang 5 cho thiy, sau 20 phut, 40 phut va 60 phut nhio trén xong, tinh cong
tac ctia hon hop bé tong da giam nhe. Sau 20 phiit nhao tron, d6 luu dong ctia hon hgp bé tong
giam khong dang ké, tham trf 1a khong giam. Dac biét sau 60 phat nhao trdn, do luu dong da ton
that khoang tir 20 - 35% so voi thoi diém vira tron xong. Piéu nay duoc bién giai bai toe do hoa
tan va phan tng giita cac hat tro - xi voi dung dich kiém hoat héa xay ra chim hon nhiéu so véi
phan tng thity hoa cta xi ming Portland voi nudce [19, 20]. Vi dac diém nay da anh huong dén
qua trinh ran chic va phat trién cudng do ctia miu thi nghiém theo thoi gian.

Mat khéc, qua trinh tdng ham lugng xi 16 cao tir 35% 1én 65% da lam ham lugng voi (Oxit
canxi - Ca0). Oxit CaO tdn tai trong xi 10 cao ¢ dang v6 dinh hinh va d& hoa tan trong nudc va
dung dich kiém [5, 6, 18]. Su hoa tan Cation Ca*' tir CaO trong xi 10 cao 12 mot nguyén nhan dan
dén luong nude du thira giam, két qua 1a giam dan do xde ctia hdn hop bé tong sau nhao tron. Po
1a nguyén nhan tac dong dén tinh cong tac cua hdn hop bé tong sau khi nhio tron da giam tir
23 cm xudng 19 cm.

Hon nira, khdi luong thé tich ctua hdn hop bé tong khong xi ming dwoc xac dinh theo
phuong phap tiéu chuin trong thung dong c6 thé tich 1 lit. Gia tri khdi lwong thé tich trung binh
clia cac cAp phdi bé tong nay vao khoang 2,3 tin/m’, gia tri ndy nho hon so v6i khéi lwong thé
tich ctia hdn hop bé tong xi ming truyén théng. Piéu nay dugc giai thich 1a do trong thanh phan
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khong c6 cdt lidu tho va khdi lugng riéng ctia thanh phan vat liéu Alumino-silicat trong hdn hop
bé tong nay déu nho hon khéi lugng riéng cta xi miang Portland.

3.2. Tinh chit co Iy ciia bé tong cwong d9 cao sau khi rin chic

Tir s6 liéu trong Bang 5 cho thdy cac cap phdi bé tong cudng cao hat min khong chura xi
mang déu co gia tri cuong do nén trung binh dat trén 70 MPa & tudi 28 ngay, dat dugc muc tiéu
vé cuong do thiét ké ban dau.

Do bé tong nghién ctru khong st dung xi ming Portland, téc d6 geopolymer hoa xay ra chdm
hon nén tdc d phat trién cudng do theo thoi gian cham hon bé tong xi mang truyén thng [20, 22].
Cuong do nén trung binh & tudi 3, 7 va 14 ngay tudi lan luot dat khoang 35%, 63% va 83% so
v6i cuong do nén ¢ tudi 28 ngay. Mit khac trong nghién ctru nay da sir dung nong d6 NaOH &
gia tri trung binh, diéu nay khong nhiing giam ham lwong pha ran, ma con ting ham lugng dung
moéi (nudc). Do ciing 13 mot trong nhitng nguyén nhéan lam cho téc d6 geopolymer hoa trong bé
tong nay xay ra cham hon.

Hon nita, ty s6 cuong do kéo khi udbn/cudng do6 nén cua cac mau thi nghiém dao dong
khoang 1/10+1/9. Ty sb nay twong dong so v4i bé tong xi ming truyén thong. Piéu nay cho thiy
gia tri cuong do kéo khi udn cia loai bé tong nay tuy dugc gia ting nhung ty sd cuong do kéo
khi udn/cudng d6 nén thay doi khong dang ké.

Mit khac, khéi lugng thé tich trung binh cta cac mau thi nghiém sau khi ran chic 28 ngay duoc
xac dinh ¢ trang thai bao hoa nudc khé mat 1a 2,28 tan/m’. Tu gia tri khéi luong thé tich nay co thé
khang dinh loai bé tong cuong do cao hat min dung chit két dinh khong xi mang duoc xép vao loai
da nhan tao tuong dbi nang. Tuy nhién, gia tri nay da giam duoc khoang 5+10% so véi khdi luong
thé tich cta bé tong xi ming truyén théng dugc quy dinh trong TCVN 2737:2020 [26].

Anh huéng cua ty 18 tro bay nhiét dién/xi 10 cao dén cudng do nén ctia miu bé tong hat min
khong xi mang theo thoi gian bao dudng duge thé hién trén Hinh 6.

90

80—_
?0—_
60—_
50—_
40—-

30 4

20 4

= Taituoi 3ngay <+ Taitudi 7ngay
® Taitudi 14 ngay A Taitudi 28 ngay|
T I T T

Cutrng d6 nén cla mau thi nghiém (R, MPa)

10

T T I
65/35 55/45 45/55 35/65
Ty |é tro bay nhiét dién/xi 16 cao (&, %)

Hinh 6. Anh hudng cta ty 18 tro bay nhiét dién/xi 16 cao dén cuong do nén
ctia mau bé tong cuong do cao khong xi ming
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Tir Hinh 6 cho thdy ham lugng xi 16 cao ting tir 35% 1én 65% thi cudong do nén ciia cac miu
thi nghiém & céac tudi 3, 7, 14, 28 ngay déu ting l1én twong tng. Hiéu tng ting tinh chit co hoc
khi ham lugng xi luyén kim ting trong bé tong cuong do cao sir dung chét két dinh kiém hoat
hoa da duoc bién giai boi nhidu nguyén nhan nhu sau:

(i)- Tro bay nhiét dién va xi 10 cao dong vai trd chinh 13 vat liéu giau nhom va silic, cung cap
nguyén tir Si va Al cho qua trinh polymer héa va tao ra cac thanh phan hoat tinh [SiO(OH)3] va
[AI(OH)4]. Két qua cua qué trinh nay 1a hinh thanh cac gel Geopolymer c6 dang CaO-AlOs-
Si0,-H,0 (C-(A)-S-H) va Na,0-AL03-SiO,-H,0 (N-A-S-H), lién két cac thanh phan hat cbt
liéu ro1i rac lai voi nhau [5, 11, 12].

(i1)- Trong qua trinh geopolymer hod cua bé tong, 6xit canxi trong xi 10 cao bi hoa tan tao
thanh ion Ca®’, cation ndy c6 vai trdo hd trg qua trinh hoa tan SiO, va ALOs cua vat lidu
Alumino-silicat. Sy khac biét co ban giita vai tro cia Na' va Ca’" thé hién muc d6 gay “thiét
hai” cho vi cdu tric vat liéu, cu thé 1a cation Ca*" 1am phé v cau triic ctia cac pha vo dinh hinh
manh hon, 1am cho thanh phan tro xi hoa tan triét dé hon [6, 8].

(iii)- Bé tong cudng do cao sir dung chat két dinh gdm hdn hop tro bay va xi 10 cao sau khi
hoat héa boi dung dich NaOH va Na,SiOs s& cho san phim gom ca hai loai poly-sialates gel
gom: N-A-S-H) (san pham chinh ciia phan tmg kiém hoat hoa tro bay) va C-(A)-S-H gel véi ty 1¢
Ca/Si thap va c6 cau tric khong gian véi mat do cao (san pham chinh cua phan (mg kiém hoat
hoa xi 10 cao) [10, 12]. Céc san pham nay lap day céc 16 réng xuét hién trong vi cdu triic ciia san
pham nén da ting tinh chit co hoc ctia san pham. Nhan xét nay pht hop véi két qua nghién ctru
cua Wardhono va céc cong su [13].

Vi ciu tric ciia bé tong cuong do cao hat min khéng xi ming da duoc xac dinh va thé hién
trén Hinh
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Hinh 7. Vi ciu tric ctia bé tong cudng do cao khong xi mang

v6i ty 18 tro bay nhiét dién/xi 16 cao khac nhau tai tudi 28 ngay
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Vi ciu triic cia mau bé tong cuong do cao khong xi ming duoc xac dinh bang kinh hién vi
dién tur quét (Scanning Electron Microscope - SEM) tai phong thi nghiém Vién cong ngh¢ cao -
Truong Pai hoc Mo - Pia chat. Két qua anh vi ciu trac cta cac mau tir BT-01 (TB/Xi = 65/35)
dén miu BT-04 (TB/Xi = 35/65) da duoc thé hién trén Hinh 7. Quan sat hinh anh SEM bé mat
mAu tir kinh hién vi dién tir quét cho thay khong cac mau bé tong nghién ctru khong co vét nut
trong vi cdu triic va bé mit mau nhin nhung da cé su thay d6i vé do rdng khi ty 18 tro bay/xi 10
cao khac nhau. Khi ham luong xi 10 cao ting, quan sat bai anh SEM, da thay duoc trong vi cdu
truc vat li€u cac pha vo dinh hinh lién tuc va sit dac hon. Theo Zang va cong su [27] cho ré"mg chi
c6 pha v6 dinh hinh (Si0,, Al,O3; v6 dinh hinh) trong vat li¢u Alumino-silicat (tro bay, xi luyén
kim, xi 10 cao...) méi tham gia qua trinh geopolymer héa, con cac pha tinh thé nhu Quatz,
mullite ... hdu nhu khong phan tmg geopolymer héa tir nguyén vat liéu ban dau. Vi anh vi cau
trac & tudi 28 ngay ciing di cho thay, khi ham luong xi 10 cao 16n, mau bé tong cudng do cao thu
duoc 6 cAu trac dic sit va bé mit min hon nhd luong gel geopolymer c6 dang Ca-O-Si, Ca-O-Al,
N-A-S-H, C-(A)-S-H di dién ddy vao trong cau tric cta vat liéu. Vi vdy, chinh nhd ciu trac vo
dinh hinh lién tuc va dic sit nay 1a nguyén nhan lam cho mau bé tong nghién ctru c6 cudng do
nén cao hon [14, 15].

Sau khi ché tao va bao dudng trong méi truong khong khi, cac mau thi nghiém c6 hién
tugng bi riéu mbc, "moc 16ng"... trén bé mit. Hién tudng nay do nguyén nhan 1a dung dich kiém
kich hoat con du thira, ton dong trong cac 15 rdng hé va trén bé miat ctia miu thi nghiém. Trong
mdi truong am va chira khi cacbonic (CO,), NaOH tac dung véi khi CO; ... ¢6 sin trong khong
khi dé tao thanh cic mudi -san phém lam riéu mdc, "moc long"... trén bé mat cia mau thi
nghiém. Do d6 cin ¢o céc nghién ctru thém vé ham luong tdi wu dung dich kiém kich hoat duoc
su dung trong bé tong cuong do cao khong str dung xi mang.

4. KET LUAN

Trén co s& ngudn vat liéu, thai phdm hién c6 trong nudc va tir két qua thuc nghiém trong
pham vi cta phong thi nghiém da rat ra mot s6 két luan nhu sau:

- Khi ham luong xi 10 cao tang tir 35% dén 65% trong thanh phan bé tong thi do xoe cta hdn
hop giam tir 23 cm xudng 19 cm, nhung khéi lugng thé tich ctia hdn hop bé tong ting tir
2275 kg/m® dén 2328 kg/m’. Pdng thoi, sau 60 phit khi nhao tron hdn hop phdi liéu xong thi
tinh cong tac ctia hon hop bé tong da giam khoang tir 20-+-35%.

- Trong pham vi nghién ciru va tir két qua thuc nghiém cho thay, khdi lugng thé tich trung
binh ciia hdn hop bé tong 1a 2,3 tin/m’ va khdi luong thé tich mau bé tong sau khi rin chic
28 ngay khoang 2,28 tan/m’. Tir d6 cho thdy mau bé téng cudng d6 cao khong xi ming nhe hon
mau bé tdng xi mang truyén thong khoang 5+10%.

- Khi giam ty 1é tro bay/xi 10 cao tir 65/35 xudng 35/65 thi cac mau bé téng cudng d6 cao hat
min khong chtra xi ming c6 cudng do nén dao dong tir 70,4 MPa dén 81,5 MPa tai tudi 28 ngay.
Nhung ty s6 giita cuong d6 kéo khi udn voi cuong do nén ctia cac mau thi nghiém twong dong so
v6i bé tong truyén théng, dao dong khoang 1/10+1/9.
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- Hon hop bé tong sir dung chat két dinh khong xi mang co toc do rin chic cham, gid tri
cuong do nén trung binh & tudi 3, 7 va 14 ngay tudi lan lugt dat khoang 35%, 63% va 83% so
v6i cuong d6 o tudi 28 ngay.

- Tir két qua SEM ctia mau thi nghiém cho thy, khi thanh phan xi 16 cao 16n, ham lwong oxit
CaO hoa tan trong dung dich kiém hoat héa ting, cation Ca’" hoa tan dong vai trd ddu mdi lién két
gitra cac lop geopolymer véi cac hat xi 10 cao tao thanh cac gel Ca-O-Si; Ca-O-Al; C-S-H hodc
C-(A)-S-H. Céc gel nay c6 mot vai trd quan trong 1a két dinh cac hat cdt liéu ciing nhu cac hat

tro xi lai véi nhau dé tao thanh mot khdi théng nhét.
LOI CAM ON

Nbi dung cta bai bao 1a mot phan két qua nghién ctru cua dé tai cap BO nim 2021, mi sb
2021-MDA “Nghién ciru ché tao bé téng cuong do cao sir dung chdt két dinh khéng xi mang
diing trong xdy dung céng trinh chiu tic dong an mon cia nwée bién”. Tac gia xin chan thanh
cam on BO Gido duc va Pao tao; nhém nghién ctru manh "Bja ky thudt, vt liéu va phdt trién bén

vieng" cua Truong Pai hoc Mo - Pia chét d3 trg dé thuc hién nghién clru nay.
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TIN NGUONG THO CUNG HUNG VUONG VA PINH HUONG BAO TON
PHAT HUY GIA TRI DI TiCH PEN THO HUNG VUONG
TAI HUYEN TAN PHU TINH PONG NAI

HUNG KINGS WORSHIP AND ORIENTATION FOR CONSERVATION
AND PROMOTION OF THE VALUE OF HUNG KING'S TEMPLE IN
TAN PHU DISTRICT, DONG NAI PROVINCE

KTS. Pham Vian Ta', KTS. Lé Thi Khanh Hoa*, ThS. Nguyén Minh Khoi’
23 Vién Khoa hoc cong nghé xdy dung
Email: quocta8285@gmail.com; lekhanhhoa89@gmail.com; nmk.ibst@gmail.com

TOM TAT: Trong tién trinh lich st cua dan toc Viét Nam, thoi dai cac vua Hung danh déu mot mdc
quan trong, 1 nén tang cho viéc timg budc hinh thanh phat trién qudc gia. Véi truyén thong nhé on to
tién, dén thd Hung Vuong duoc 1p va xdy dung ¢ nhiéu tinh thanh trong ca nude. Tin ngudng thd cling
Hung Vuong 1a mot tin ngudng thd ciing to tién doc ddo, gidu ban sic van héa cia nguoi Viét. Theo do,
vao nam 1960, ngudi dan xa Pha Son, huyén Tan Phu, tinh Pong Nai da xdy dung ngdi dén thd Hing
Vuong, thé hién tim 10ng nhé vé coi ngudn dan toc. Thay duoc gia tri 16n lao ctia Dén, Uy ban nhan dan
tinh Pong Nai quyét dinh xép hang di tich cip tinh va dé ra phuong an ton tao phat huy gia trj lich st cua
di tich nay. Bai viét voi ndi dung tap hop nhing thong tin quan trong vé tin ngudng thd cling Hung
Vuong va dé xuat mot sé dinh hudng bao ton, phat huy gia tri di tich dén thd Hung Vuong tai huyén Tan
Phu, tinh Pong Nai.

TU KHOA: dén tho, Hing Vuong, bao ton di tich.

ABSTRACTS: In the historical process of Vietnam, the era of Hung Kings marked an important
milestone. This was the foundation for the national development. Hung King temple was established and
built in many provinces in the tradition of remembering ancestors. Worshiping Hung King is a unique
ancestor worship belief of Vietnamese. Accordingly, in 1960, the people of Phu Son commune, Tan Phu
district, Dong Nai province built a temple to worship Hung King, expressing their nostalgia for the
nation. The People Committee of Dong Nai was seeing the great value of the temple and decided to rank
the provincial relic and proposed a plan to embellish and promote the historical value of this relic. This
article gathers important information about Hung King worshipng beliefs and proposes some orientation
to preserve and promote the value of Hung King temple relic in Tan Phu distric, Dong Nai province.

KEYWORDS: temple, Hung King, relic preservation.

1. TIN NGUONG THO CUNG HUNG VUONG O VIET NAM

Tin ngudng tho cing Hung Vuong 13 mot tin ngudng thd cing t6 tién doc ddo, gidu ban sic
van hoa cua nguoi Viét. Theo PGS.TS. Bang Van Bai, tin ngudng thd cing Hung Vuong 1a dinh
cao va la sy thang hoa tir tin ngudng tho to tién ctia ngudi Viét Nam. GS.TS. Truong Québc Binh
da nhan xét: Xuat phat tir nhitng dac diém dia - chinh tri va dia - van hoa, & Viét Nam, tin ngudng
thd cung t6 tién con duge phat trién thanh tin ngudng thd Qudc T6, khi ca qudc gia dan toc tu coi
minh 13 ¢6 chung mot ngudn gdc (ddng bao), rdi lap nén mot khu mo t6 chung va dit ra mot ngay

gid chung dé thyc hanh nhing nghi 1& tho cing va tuéng niém Vua Hung - vi Qudc To chung ctia
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ca qudc gia dan toc Viét Nam”. GS.TS. Lé Hong Ly ciing di nhin nhan: Tin ngudng tho cing
Hing Vuong ¢ nude ta nhu mot sy tiép ndi ciia tin ngudng thd cing dé trg thanh mot biéu tuong
phan anh sy cb két ciia cong dong cac dan toc Viét Nam. Tir tin ngudng thd cling t tién dén tin
ngudng thd ciing Vua Hung 1a mot qua trinh hinh thanh va xdy dung mot biéu twong qubc gia.
Biéu tugng ay nham cung ¢ cong dong trudc nhu cau ton tai va phat trién qudc gia. Trong Loi
gidi thiéu sach Tin nguéng tho cing Hing Viong & Viét Nam, GS.TS. Ta Ngoc Tan ciing da
nhan dinh: Trén thé gidi c6 nhiéu toc nguoi, nhidu qudc gia thd cung to tién & cac mirc do va
dang thtrc khac nhau, nhung thd cang Hung Vuong duéi dang tho Qubc T6 thi chi ¢6 & ngudi
Viét va & Viét Nam.

Nhitng gia tri ndi bat vé sy phd cap rong rii va truyén thong lau doi cua tin ngudng thd cung
Hung Vuong, su dong gop tich cuc cta cong dong ngudi Viét trong viéc bao ton sirc séng cla
tin ngudng tho cing Hung Vuong trén moi mién T6 qudc, lan téa rong rii trong cong dong
ngudi Viét & nude ngoai nhu mot ban sic vin hoa truyén thong duge duy tri, ké tuc va phat huy
chinh 12 mét trong nhiing tiéu chi dé ngay 6-12-2012, UNESCO c6ng nhén tin ngudng tho cung
Hung Vuong & Phi Tho (Viét Nam) 13 di san vin hoa phi vat thé dai dién cua nhén loai. Va tin
ngudng thd ciing Hung Vuong ciing 1a di san van hoa thé gidi duy nhat & loai hinh tin ngudng.
Nghién ciru vé gid tri va stic séng cua tin ngudng thd cing Hung Vuong, theo GS.TS. Truong
Quéc Binh: Tir hang ngan doi nay, trong doi song tdm linh cua ngudi Viét, vua Hung van ludn
ludn ¢6 vi tri quan trong dic biét nhu mot biéu twong van hoa cu thé, mot thuc thé tim linh
thiéng liéng khac han voi nhitng biéu tugng tin ngudng tén gido trén thé gidi. Chinh vi thé, tir
hang trim nim nay, tir cdi ngudn cia dan toc & chau thd Bic Bo, tin ngudng thd cing Hing
Vuong duoc cha 6ng ta mang theo nhu mét tai san quy trong sudt hanh trinh md ¢bi trén nhitng
ving d4t m&i ma hé thong cac di tich thoy Hung Vuong 1a nhitng minh chimg sinh dong vé su lan
téa ctia hinh thic tin ngudng dic biét nay. Cho dén nay, c6 thé khang dinh, tin ngudng thd cling
Hing Vuong tu ngudn tir tin ngudng thd cing t6 tién truyén thong vai triét Iy “con ngudi ¢b to
¢6 tong” va “udng nudc nhd ngudn”, co s¢ cia dao Iy doan két, thuong yéu, dim boc 13n nhau
dugc phd cap va thyc hanh nhu mot trong nhimg sinh hoat vin héa tim linh khong thé thiéu
trong xa hoi duong dai.

Vé ngay 1& gid t6 Hung Vuong, nha nghién ctru van hoa dan gian Pham Ba Khiém di tong
két: Nam 1917, Nha nu6c dinh 1¢ chinh thie Gié T6 Hung Vuong vao ngay mung mudi thang 3
am lich hang nam. Ngay 18/2/1946, Chu tich H6 Chi Minh da ky sic 1énh cho nguoi lao dong
duoc nghi ngady mong 10 thang 3 am lich hang ndm dé t6 chuc cac hoat dong Gid T Hung
Vuong. Ngay 6 thang 11 nam 2001, Thu tuéng Chinh pha di ban hanh Nghi dinh s6
82/2001/ND-CP vé nghi 1& Nha nudc; trong d6 quy dinh chi tiét vé nghi 18 t& chuc gid T6
Hung Vuong hang nim (nim tron, nim chan, nim 1é quy theo nim duong lich). Ngay
11/4/2007, chu tich nudc Cong hoa XHCN Viét Nam da ky Lénh cong bd Luat stra ddi, bd
sung DPiéu 73 cua bd Luat Lao dong. Theo d6 nguoi lao dong duoc nghi lam viée, huong
nguyén luong trong ngay gid T6 mung 10 thang 3 4m lich hang nim dé tham gia cac hoat

dong hudng vé cdi ngudn dan tdc.
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2. PEN THO HUNG VUONG O PHU THQ
Dén thd Hung Vuong ¢ Phit Tho hay Khu di tich lich st Dén Hung chinh 1a diém xuat phat

cua tin ngudng tho cung Hung Vuong cua dan tdc ta. Cac di tich chinh hinh thanh nén Khong
gian van hoa tin ngudng tho cing Hung Vuong (phan van thé) tai Khu di tich lich sir Bén Hung
dugc chung t6i trich dan tir sach Pén Hiing va Tin nguedng tho cing Hing Vieong cua nha nghién
cuu dan gian Pham B4 Khiém. Cuy thé cac hang muc chinh nhu sau:

- Nui Hung (nui Nghia Linh, nai C4): 1a ngon ni 16n nhét vung (c6 do cao 175m so voi mat
bién), cing véi ndi Troc, nGi Van déu c6 do cao vuot trdi trén 100m, 1a ba ngon té son duoc cu
dan dia phuong truyén ngdn 1a “Tam son cam dia” (3 ngon ndi cdm, nai thiéng). Cho dén nay,
chting ta van con thay sy phong phi cua cac dang hinh kién tric va tin ngudng hién con phd bién
trén nti Hung. D6 1 tin ngudng thd Phat tai ngdi chua Thién Quang, tho than nui - Cac Vua
Hung 14 nhitng nguoi c6 cong véi nude tai dén Ha, dén Trung, dén Thuong va thd 2 ba cong
chua Tién Dung - Ngoc Hoa con Vua Hung thtr 18 tai dén Giéng.

- Cong dén: Puoc xay dung vao nim Khai Pinh tha 2 (1917).

- Nha bia: Puoc xay dung nim 1917, truéc day dit tim bia ghi viéc 1am sira duong 1én nii
Hung, hién nay dat tAm bia da, ndi dung ghi 10 can dan cta Chu tich HO Chi Minh khi Nguoi vé
tham Dén Hung ngay 19 thang 9 nam 1954: “Céc Vua Hing di cé cong dung mede, Béic chau ta
phdi ciing nhau giir ldy mede”.

- Bén Ha: Dén Ha duoc xay dung lai trén nén dat cii vao thé ky XVII-XVIIL Tuong truyén
noi day, Me Au Co sinh ra boc 100 trimg, sau né thanh 100 ngudi con trai, ngudn gdc cua cong
dong nguoi Viét, nghia “ddng bao” (cung boc) duoc bat ngudn tir day.

- Pén Trung (Hung Vuong T6 Miéu): Tuong truyén la noi Vua Hung cung cac Lac Hau, Lac
Tudng du ngoan ngdm canh thién nhién va hop ban viéc nudc. Can cir vao phé tich cac vat lidu
kién tric xay dung da tim dugc qua cac cudc khai quat khao ¢d hoc, cho théy: Vao thoi Tran va
¢6 thé trude do, tai khu vuc Dén Trung cling nhu khu vuc Pén Ha va Bén Thuong, da xuét hién
cac kién trac tin ngudng va ton gido. Pén Trung 1a cong trinh kién trac tin ngudng tho cac Vua
Hung duoc xdy dung lai, kiéu dang kién trac con ton tai dén ngay nay. Nam 1998 dén duoc dai
trung tu.

- Pén Thuong va ling Hung Vuong: Pén Thuong: “Kinh Thién Linh Pién” (dién thd troi
trén nti Nghia Linh). Tuong truyén rang thoi Hung Vwong, Vua Hung thuong lén dinh nui
Nghia Linh dé tién hanh nghi 1& tin ngudng cta cu dan ndng nghiép tho troi dat, tho than laa, ciu
mong mua thuan gié hoa, mia mang twoi tot, nhan khang vat thinh. Thoi Nguyén dén duoc ton
tao va md mang qua cac doi vua, tor Minh Ménh - Ty Ptc - Duy Tan dén Khai Dinh. Dic biét tir
nam 1914 dén 1922, tridu dinh nha Nguyén cép tién, cir quan tudn phu vé giam sat, tu sira va mo
rong dén Thuong. Kiéu dang kién trac duoc gitr nguyén tir d6 dén nay; Lang Hung Vuong:
Tuong truyén 1a mo ciia Vua Hung tht 6, ling nim & phia dong Pén Thugng. Xua c6 thé 1a mo
dat, thoi Tu Plc nam tha 27 (1870) cho xay mQ, dung lang. Thoi Khai Pinh thang 7 (1922),

trung tu lai.
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- Pén Giéng (tén chir 1a Ngoc Tinh): Tuong truyén 1a noi hai ba cong chua Tién Dung, Ngoc
Hoa (con gai ctia Vua Hung thir 18) thudng soi gwong, van toc khi theo cha di kinh 1y qua ving
nay. Pén xay dung vao thé ky XVIIL. Nam Khai Dinh thtr 7 (1922) tring tu lai. Nam 1998 duoc
dai trung tu.

- Bén Qubc Mau Au Co: Pugc bit dau xay dung ndm 2001 va khanh thanh thang 12 nim
2004. Bén dugc xay dung trén nai Oc Son (Ndi Vin).

- Pén thd Qudc To6 Lac Long Quéan: Pén Lac Long Quén dugc xdy dung tai déi Sim, cach
nti Nghia Linh khoang 1km. Ngoi dén duge dua vao sir dung dau nam 2009.

Hinh 1. Toan canh dén thd Hung Vuong & Phu Tho (ngudn: Internet)

3. BAO TON VA PHAT HUY GIA TRI DI SAN VAN HOA PHI VAT THE TiN
NGUONG THO CUNG HUNG VUONG

Vé su lan toa cia tin ngudng thd ciing Hung Vuong, PGS.TS. Piang Vin Bai da nhan dinh:
Theo s6 liéu théng ké cua B Van hoa, Thé thao va Du lich, hién nay trong ca nudc co6 1417 di
tich tho Hing Vuong va cac nhan vat lién quan dén thoi dai Hung Vuong (Lac Long Quan, Au
Co, cac tudng linh cia Vua Hung...). Viéc 1ap dén thd Vua Hung tai nhiéu tinh thanh phd tir Béc
chi Nam chting minh rang tin ngudng thd Qudc T6 ¢o vai trd quan trong trong doi song con dan
Diét Viét tir xua dén nay va dic biét thoi gian gan ddy, tin ngudng tho Hung Vuong thé hién rd
rét nhit vé& nhu ciu trd vé ¢di nguén dan tdc, y thuc dan tdc ngay cang dugc khéc sau trong tam
thirc moi nguoi. Viéc xay dung mang ludi cac dinh, dén tho Hung Vuong trén khép ca nudc va
tao l4p ra cac hinh thirc nghi 18, phong tuc tip quan, 16i séng, dic biét 1a 1& hoi truyén thong 1am
cho mang ludi cac thiét ché tin ngudng thd Vua Hung cim r& sau vao doi sdng vin hoa cta cong
dong cu dan cac dia phuong mot cach viing chic va lién tuc nhiéu doi 1a bang ching vat chat vé
sang tao van hoa Viét Nam. Ciing theo PGS.TS. Pang Vin Bai, ciu tric vé khong gian va nodi
dung cbt 16i trong tin ngudng thod Qudc TH nhu sau: Hé théng cc cong trinh kién truc (dén, dinh,
miéu tho, cac khu tudng niém) duoc xay dung trong khu vuc canh quan thién nhién dep hoic cac
khu cong vién van hoa... d6 1a nhitng khong gian vat chét c6 tinh thiéng danh cho cac hoat dong
tin ngudng dan gian; Hé thdng cac huyén thoai, truyén thuyét, than pha, sic phong lién quan t6i
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cac Vua Hung va cic vi tuéng linh; Hé théng cac nghi thirc thiéng liéng, 18 hoi truyén thong dudi
hinh thtrc ngay Gib T hoic dang huong tudng niém Vua Hung; Cac dd thd tu trong ndi thit cac
ngdi dén, dinh miéu thd cung cac dd 1€, vat pham (hwong hoa, oan qua) ding cling trong ngay
Gid Tb.

Nghién ctru vé bao tén va phat huy gia tri cia tin ngudng thd cung Hung Vuong, PGS.TS.
Lé Vinh Loi di dé xudt mot s6 giai phap bao ton va phat huy gia tri cua tin ngudng tho cing
Hung Vuong nhu sau: Pay manh viéc nghién ctru dé c6 nhan thirc thong nhat vé thoi dai Hung
Vuong; Nghién ciru toan dién, trén co s tiép cin mdi, goc nhin moi dé nhan dién chinh xac hé
gi4 tri van hoa va y nghia cua tin ngudng thd cing Hung Vuong trong thoi dai ngay nay; Tiép
tuc tién hanh b sung, cap nhat danh muc thong ké vé di san vin hoa cia tin ngudng thd cing
Hung Vuong; Xay dung chinh sach chung ciing nhu dé an bao vé, phat huy vai tro cia cac gia tri
van hoa ctia tin ngudng thd cang Hung Vuong trong doi séng x4 hoi; Pay manh tuyén tuyén, gido
duc, néng cao nhan thirc ctia can bd va moi nguoi dan vé cac gia tri vin hoa dic sic va y nghia ctia
van hoa tin ngudng tho cing Hing Vuong d6i voi su nghiép xay dung va bao vé T6 qudc; Khuyén
khich, tao diéu kién va hd trg dé cac cong déng thuc hién vai tro chi thé cua cac hoat dong sang
tao, duy tri va chuyén giao cho cac thé hé sau gia tri van hoa tin ngudng thd cing Hung Vuong;

Tang cudng quan 1y nha nha nudc dbi voi hoat dong tin ngudng thd ciing Hing Vuong.

4. TIN NGUONG THO CUNG HUNG VUONG O NAM BO

Theo PGS.TS. Phan An trong nghién ctru vé Tin ngudng thd cing Hung Vuong & Nam
Trung B va Nam B9Q: Trong hanh trinh m¢ cdi, hanh trang cia nhiing thé hé cu dan Viét ban
dau éy khong chi dua trén stcc manh, kinh nghiém ma con tim 1a chd dua tam linh, truyén théng
i ngudn. Trude tién d6 1a su phu tro ctia ong ba, to tién cho con chau trong cong cudc khai
hoang m& dat. Tho ciing Vua Hung 1a mot dang thirc thd cung to tién, cau mong to tién va cac
Vua Hung phil trg cho con chau dang lang bat noi cing trdi cudi dit phwong Nam. Ciing theo
PGS.TS. Phan An, tin ngudng tho cing Hung Vuong & Nam Trung B6 va Nam B§ c6 nhitng nét
twong déng voi nhiéu ving mién ¢ phia Bac nude ta. Hing Vuong dugce ngudi dan xem nhu mot
vi to ¢6 cong dung nudc Viét Nam. Tho cung Hung Vuong 14 to 1ong biét on cac thé hé cha ong
c¢6 cong dung nudc va giit nudce. Tuy nhién, do nhitng diéu kién lich sir nhét dinh, tin ngudng thd
ciing Hung Vuong & phia Nam ciing c6 nhitng nét riéng. D6 1a tAm thire vé& Hung Vuong con xen
13n véi cac vi than linh, nhitg vi thanh mot thoi dung nudce va giit nude nhu Qudc mau Au Co,
Lac Long Quan, Thanh Giéng va ca Tran Hung Pao, Lé Vin Duyét...

O mét nghién ctru khac vé tin ngudng tho ciing Hung Vuong tai thanh phd H6 Chi Minh va
ving phu cén, PGS.TS. Huynh Qubc Thing ciing di cung cdp mot sé thong tin sau: Voi didu
kién lich st riéng, dén thd va viée tho phung cung céc sinh hoat tuéng niém Vua Hung & Thanh
phd Hb Chi Minh va cac ving phu cén xut hién kha mudn so véi cac dia phwong & Trung Bo va
Bic Bo: Bit dau tur nhitrng ndm 1950, viéc thd phung dién ra tai dén, miéu riéng goi la chinh tu
(tho chinh) va tai cac thiét ché tin ngudng dan gian nhu dinh, dén, ling, miéu goi 1a phéi ty (thd
phu) hodc gin vdi cac thiét ché vian hoa méi, tidu biéu nhu:
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- Pén tho Qudc T6 Hung Vuong ¢ Kién Giang (4p Pong Binh, xd Thanh Pong B, huyén
Tan Hiép) hinh thanh tir nim 1957, ngoai thd cac Vua Hing con phdi ty thd Tran Hung Dao,
Chu tich H6 Chi Minh va Ctru Huyén Thét Tb.

- Bén tho Hung Vuong & tinh Pong Nai (khu phd 3, phuong Binh Pa, thanh phé Bién Hoa)
xdy nim 1968, khanh thanh 1971, ngoai tho Qudc T6 Hung Vuong con két hop tho quan vin,
quan v va Cha tich Hb Chi Minh.

- Bén thd Vua Hung & tinh Binh Phudc (nhu mot thiét ché vin héa cua don dién cao su Phu
Riéng) thanh 1ap nim 2000 nhan ky niém 70 nim thanh lap Pang, 55 nim ngay Qudc khanh 2/9.

- Céc noi thd Hing Vuong & Thanh phé H6 Chi Minh:

+ Dén thd Hung Vuong ¢ Thao Cam Vién: dugc xay dung tir thoi Phap thudc, ban dau tho
Khéng Tir. Sau ndm 1975, co so thd tu nay dugce doi tén 1a Dén Hung Vuong, d6i twong tho chi
yéu 1a tho Vua Hung va cac anh hing dén toc;

+ Khu tuéng niém cac Vua Hung tai cong vién vin héa Thanh phd (vuon Tao Pan cii) duoc
xay dung ndm 1992;

+ Nam 1995, Khu du lich vin héa Subi Tién (Thanh phé H6 Chi Minh truc tiép chi dao xay
dung) khanh thanh va bat diu hoat dong, trong d6 c6 mot khu tudng niém cac Vua Hung;

+ Quy md 16n nhat 1a Khu tudng niém cac Vua Hung trong Khu cong vién lich sit - vin hoa dan
toc voi cong trinh trung tim 13 Pén tuéng niém cac Vua Hing giai doan khanh thanh nam 2009.

Hinh 2. Bén tudng niém cac vua Hung, quan 9, thanh phé H6 Chi Minh (ngudn: Internet)

Bén canh tam thirc chung, thd cling cac Vua Hung & Thanh phd H6 Chi Minh va cac ving
phu can con mang nhitng nét dic thu nhit dinh ca vé ndi dung 1an ¥ nghia, mang tinh chat ving
mién, dia phuong trong méi quan hé vai tién trinh lich sir dan toc. Do chinh 14 tinh than thiy
chung son sit luén huéng vé coi ngudn dan toc, vé t6 tién xua da day cong tao dung bo cdi dat
nuée. Hang chuc noi thd cing cic Vua Hung tai Thanh phd HO Chi Minh va céc tinh Nam Bo
tuy mang tinh chat “tho vong” nham hudng vé dit to bang tim 10ng thanh, nhung ndi dung va
hinh thirc 18 hoi khong kém phan trang trong, thiéng liéng, dong dao ngudi tham dy véi mot tam
thae dac biét.
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5. TIN NGUONG THO CUNG HUNG VUONG O DONG NAI

Pong Nai 1a dia phuong c6 nhiéu cu dan tir nhidu viing mién trong ca nude tip trung vé lam
an sinh song. Dé thé hién tinh than hudng vé ngudn coi, hudng vé to tién nhiéu dén thd vong
Quéc to Hung Vuong d duoc cac cong ddng dan cu tai Dong Nai thiét 1ap nhu: Pén Hung Vuong
& phuong Binh Pa, thanh Phb Bién Hoa, Dén thd Quéc t6 Hung Vuong ¢ xd Phu Son, huyén Tan
Phu, cong vién van hoa Hung Vuong & thi tran Trang Bom, huyén Trang Bom. Bén canh d6, con
¢6 nhiéu diém két hop thd Qudc T6 Hung Vuong tai cac dinh lang (Vi du: dinh Hung Loc, x4
Hung Loc, huyén Théng Nhét...). Ngoai ra, nhiéu ngdi trudng 16n trong tinh ciing duoc dit tén 1a
Hung Vuong tai thanh phé Bién Hoa, Long Khanh, cic huyén Vinh Ctru, Trang Bom, Dinh Quan.

Hang nam, vao dip gid t6, tai cac diém thd Qubc to6 Hung Vuong déu to chirc cac nghi thirc
gid t6 trang trong v6i sy tham gia cua chinh quyén, nguoi dan dia phuong va du khach trén dia
ban dén dang huong, hudéng vé coi ngudn dan toc. Cung voi 18 gid to, nhiu hoat déng vin hoa
cling duoc to chirc nhu: niu banh chung, banh gidy; két mam ngii qua; biéu dién don ca tai tir;
trinh dién thu phap, am thuc; tro choi dan gian... Cac noi tho ty Qubc t6 Hung Vuong va cac
hoat dong nghi 18, sinh hoat vin hoa trong dip gi5 td tai Déng Nai chinh la sy thé hién dam nét
1ong thanh kinh, vun dap va luu truyén tin ngudng thd cing Hung Vuong dé thé hién sy biét on
v6i vi thuy T, cling nhu mong duge phit ho cho qudc thai - ddn an cta nhan dan noi day. Tin
ngudng thd ciing Hung Vuong chinh 13 nét dep van hoa truyén thong huéng vé dat TH cia nguoi
dan Pdng Nai, ning cao truyén thong dao Iy “udng nudc nhé ngudn” va 1ong ton kinh ddi véi to
tién cua dan toc Viét Nam. L& gi t6 dugc td chirc hang nam tai cac dia phwong ¢ Pong Nai ciing
nham quang ba cac gia tri vin hoa, gop phan thuc day phat trién du lich cua tinh,

Hinh 3. Cong vién vian hoa Hung Vuong, Trang Bom, Pong Nai (nguén: Internet)
6. DI TiCH PEN THO QUOC TO HUNG VUONG O HUYEN TAN PHU, PONG NAI

Pén thd Qubc T Hung Vuong duge xay dung vao nim 1960 do cu dan cac tinh mién Béc
(Vinh Phiic, Ha Dong, Cao Bang, Lang Son...) di cur vao viing Phu Son 1ap nén trén khu dat cong
cua lang. Ban dau, dén c6 dién tich khoang 30m? béng cac vat liéu dia phuong (gS, tranh, tre,

nira, 14) dé tho cing Vua Hing va cac vi Phiic Than. Sau mot thoi gian, cong trinh bi xudng cap,
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nam 1973, ngoi dén duoc trung tu va thay thé mot sd vat liéu 6 tinh virng bén hon: bd khung g6,
mai ton, vach van g5. Néam 1991, cong trinh dugc trung tu mot l4n nita béng cac loai vat liéu kién
c¢b hon: mai ngoi, tuong gach, vi kéo gd, nén lang xi ming; ngoai ra Tién dién, miéu thd Th cong
cling di duoc xdy vao thoi gian nay. Ban Quy té di dua me Au Co va Chiu tich H6 Chi Minh
vao tho trong Chanh dién.

TONG THE KHU DAT MO RONG

f

CONG CHINH VAO DEN THO

Hinh 4. Tong thé khu dit mo rong nhin tir duong qudc 16 20 (ngudn: Tac gia)

Déi tugng thd cling bao gdm: Quéc t6 Hing Vwong, Me Au Co, Dt thanh Tran Hung Dao,
Chu tich H6 Chi Minh. Cac 12 hoi tai di tich bao gdm: 1& chinh 14 18 gi6 T6 Hung Vwong (10/3
am lich) va 18 phu 1a 18 gid Puc thanh Trin Hung Pao (20/8 4m lich); 1& dang huong ngay 2/9
(ngay mat Bac Ho); 18 Thugng Nguon ngay 10/1 am lich; 1& T4t nién ngay 20/12 am lich.

*-:Fﬂg!;;"-“

Miéu tho Thé dia Tién dién va chinh dién

Hinh 5. Hién trang mat sb hang muc trong di tich dén tho Quéc to Hung Vuong,
huyén T4an Phu, Pong Nai (ngudn: Anh chup bai tac gia)
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Dén thd Qudc to Hung Vwong x3 Phii Son, huyén Tan Phi mang nhiéu gia tri lich sir. Day 1a
mot trong nhitng dén tho Hung Vuong duoc xay dung sém nhat trén dia ban tinh ctia nhimg 16p
ngudi Viét di cu tir cac tinh thanh mién Bic vao dinh cu, l4p nghiép tai Péng Nai. Viéc xay
dung dén tho Qudc to Hung Vuong trén qué huong méi thé hién dao 1y “Udng nude nhé ngudn”,
tuong nho, tri 4n vua Hung - vi Quéc to dd co cong dung 1én Nha nudc Van Lang - Nha nuéc
dau tién cua dan toc Viét Nam, hudng con nguoi vé voi coi nguén dan toc; 1a cau ndi qué kht
v6i hién tai va tuong lai, khoi ddy 10ng tu hao vé truyén thong dan toc.

Pén thd Qubc to6 Hung Vuong va hoat dong 1& Gid to hung Vuong hang nim cua chinh
quyén va nhan dan xa Phii Son, huyén Tan Phii mang nhiéu tri van héa, gido duc truyén théng,
gop phan két ndi cong ddng, xdy dung va cing cb tinh doan két cic dan toc sinh sdng tai dia
phuong tao nén suc manh chéng choi véi su khic nghiét cua ty nhién va dAu tranh chéng ngoai
xam xung danh con chau Réng-Tién; 1a diém tua tinh than, soi chi d6 tam linh viing chic tao nén

su cO két bén chat trong quoc gia, dan tdc.

7. PINH HUONG BAO TON, TON TAO VA PHAT HUY GIA TRI DI TiCH PEN THO
QUOC TO HUNG VUONG, HUYEN TAN PHU, TINH PONG NAI

Ké tir khi dwoc khoi dung tir nim 1960 cho dén nay, Dén tho Qudc té Hing Vuong di trai
qua 02 lan trung tu mo rong dé c6 duoc hinh anh nhu ngay nay. Sau 60 nim ké tir ngay Pén
duoc tao 1ap, cong ddng dan cu & huyén Tan Phu da phat trién khong ngimg, kéo theo nhu cau
sinh hoat vin héa, tin ngudng ngiy cang tang. Khong nhiing vay, trong cac dip nghi 1€, bén canh
nguoi dan dia phuong, Pén thd Qudc to6 Hung Vuong tai Tan Pha con co sy tham gia cta nhan
dan cac dia ban lan can. Véi dién tich téng thé hién trang khoang 2.700m’ (bao gém kién trac va
khuon vién), di tich Pén tho
Hung Vwong hién nay can mo
rong quy md dé dap tmg nhu
cau sinh hoat tin ngudng, tinh
than doan két, huéng vé ngudn
cdi cia nhan dan ngay cang
tang. Cung voi do, véi loi thé
nam trong mot khung canh tu
nhién rong 16n, vi¢c hinh thanh
mdt khong gian tin ngudng tho
cing Hung Vuong tai Pén tho
Hung Vuong, huyén Tan Phu

tich gbc

nham gop phan bao ton, duy tri N E ko0 gon om

di san van hoa phi vat thé da
dugc UNESCO cong nhan tai

Hinh 6. Méi twong quan gitta khu vuc di tich gbc
khu vuc Nam B¢ 1a hop 1y va

., va khong gian 16n xung quanh (ngudn: Tac gia)
can thiét.
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Téng hop cac két qua nghién ctru vé tin ngudng tho cing Hung Vuong da néu, mot s van
dé can quan tim trong cong tac bao ton, ton tao va phat huy gia tri di tich Dén thd Qudc to Hung
Vuong, huyén Tan Phu, tinh Dong Nai nhu sau:

- Céc két qua nghién ctru vé Tin ngudng thd cang Hung Vuong tai Viét Nam cho thiy, viéc
bao ton ton tao va phat huy gié tri di tich Pén tho Quéc to6 Hung Vuong tai Tan Phu chinh 13 sy
ké thira va tiép ndi truyén thong mot ban sic van hoa truyén thong cta dan toc, gop phan gin két
cong dong xa hoi, gido duc long yéu nudc, thanh kinh véi to tién. Ngoai ra, cong tac bao ton, ton
tao phai huéng dén sy hinh thanh khong gian vian hoa tin ngudng thd cing Hung Vuong da dugc
thira nhan gia tri trén toan cau.

- Cac hang muc thuoc Khu di tich Pén Hung tai Phu Tho chinh 1a nhitng thong tin tham
khao cho cong tac ton tao va phat huy gia tri di tich Pén thd Qudc T6 Hung Vuong tai huyén
Tan Phu, Pong Nai. Qua d6, hinh thanh khong gian vin hoa tin ngudng tho cing Hing Vuong
cho tong thé di tich.

- Tir cac nghién ciru vé bao ton va phat huy gia tri Tin ngudng tho cing Hung Vuong cho
thdy, viéc bao t6n ton tao Pén tho Qudc té Hung Vuong ¢ Tan Pha 1a hoan toan phu hop véi cac
dinh hudng cua cac chuyén gia. Thir nhat, Dén tho Hung Vuong & Tan Pha ndm trong mot ving
canh quan thién nhién dep, mang day du cac 1& nghi, 18 hoi truyén thong da dugc cong nhén 1a di
tich cap tinh. Tht hai, viéc bao ton tén tao s& gdp phan ddy manh hon nita tuyén tuyén, gido duc,
nang cao nhan thirc cua can by va moi nguodi dan vé cac gia tri van hoa dac sdc va y nghia cia
vin hoa tin ngudng tho cung Hing Vuong dbi véi cong dong dan cu dang ngay cang phat trién
tai Tan Phu. Thir ba, viéc bao t6n ton tao Pén tho Qudc té6 Hung Vwong ¢ Tan Phu chinh 1a su
chung tay ctia cac co quan quan ly nha nuéc voi cong dong dan cu - nhitng cha thé van hoa.

PHOI CANH TONG THE

BEN THO QUOC TG HUNG VUONG
(phudng &n chon)

Hinh 7. Mot dé xuat phuong an cho du an Quy hoach Tong thé Bao ton,
Tén tao Pén thd Qudc t6 Hung Vuong

- Qua céc nghién cuu vé Tin ngudng tho cung Hung Vuong & Nam B9, c6 thé ndi, viéc hinh
thanh Pén tho Quoc t6 Hung Vuong tai huyén Tan Pha, Pong Nai 1a mét tat yéu khach quan cua
lich stir. N6 thé hi¢n nhu cau vé van hoéa, tin ngudng, hudéng vé ngudn cdi cua ngudi dan Nam Bo
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ma cong déng dan cu ¢ Tan Phuq, Bé)ng Nai la mot bd phan. Cong tac bao ton, ton tao Dén thd
Qudc t6 Hung Vuong tai Tan Phu s& gop phan bao ton va phat huy gia tri tin ngudng thd cing
Hung Vuong tai khu vuc Nam B¢ ndi riéng va trén ca nude ndi chung.

- Céc thong tin vé Tin ngudng tho cing Hing Vuong & Pong Nai va cac dia diém tho tu
trong d6 c6 Dén thd Hung Vuong ¢ Tan Pha cho thy rang, nhan dan Ddng Nai ludn c6 y thirc
huéng vé nguodn coi, kinh ngudng t6 tién. Y thirc d6 ludn dugc gin gitr, lvu truyén va ngay cang
duoc bdi dip phat trién, gop phan gin giir, c¢b két khdi dai doan két dan tdc. Qua trinh hinh thanh
trong lich str va cong tac bao ton, ton tao va phat huy gia tri Dén thd Québc to Hing Vuong tai
Tan Phu chinh 12 mét trong nhitng minh ching cho diéu nay.

TAI LIEU THAM KHAO
[1] Ban Quan ly di tich Danh thiang Pdng Nai (2017). Ly lich khoa hoc Di tich lich sir Pén tho
Quoc to Hung Vwong, xa Phu Son, huyén Tan Phu, tinh BPong Nai. Pong Nai
[2] Pham B4 Khiém (2013). Pén Hing va Tin ngudng tho cing Hing Vieong. NXB Vian hoa
Thong tin, Ha N1
[3] Ta Ngoc Tan chu bién (2015). Tin nguéng tho cing Hing Vwong ¢ Viét Nam. NXB
Ly luan Chinh tri, Ha N¢i

[4] Thu Giang, Minh Vuong (2019). BPdm nét vin héa Hing Vwong & Pong Nai.
http://baophutho.vn/den-hung/201904/dam-net-van-hoa-hung-vuong-o-dong-nai-164073

[5] Ly Na (2019). Pén tho Hiing Vieong, ngudng vong tién nhan.
https://www.dongnai.gov.vn/Pages/newsdetail.aspx?Newsld=164899&Catld=112
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NHUNG PHAT HIEN BAN PAU VE NHOM THAP CHAM
KHUONG MY - QUANG NAM

INITIAL FINDINGS ABOUT THE TEAM OF
KHUONG MY TOWER GROUP - QUANG NAM

KS. Lé Khic Thai Son', ThS. Pham Hong Truong®, HS. Nguyén Thugng Hy’
'23Vién Khoa hoc cong nghé xay dung
Email: khacson1009@gmail.com; Hongtruong.ibst@gmail.com

TOM TAT: Di tich Khuwong My thudc xa Tam Xuan 1, huyén Nai Thanh, tinh Quang Nam, cach thanh
phd Tam Ky 2km vé phia Nam. Nhom thap Khwong My gém 3 thap, xép thanh hang theo truc Bic Nam,
clra ra vao & hudng Pong, 1a kiéu thap Champa truyén théng véi mat bang gin vudng, mai thap gém
3 ting, ting trén 1a hinh anh thu nhé ciia phan dudi, trén cung ¢ chop bang sa thach. Trong qué trinh thi
cong tu bd du an: Bao ton, tu bd phuc hdi thap Béc thap Giita thudc di tich thap Cham Khuong My; hang
muc: Phan than thap va cira huéng Dong. Nhom tac gia 6 nhitng phat hién nhu sau: Vé hoa van va cac
dé tai cham khéc: thé hién cac hinh anh vé than Vishnu, vé con tha thiéng nhu chim than Garuda (b?mg
gach trén thap Giira), hinh con khi trang tri & chan dé thap, phai ching day 1a khu vuc trung tim cta
khu dén tho than Vishnu. Tir nhiing trang tri ndy so sanh véi ban v& ngudi Phap dé lai thi nhitng hoa
vin, nhitng dé tai trang tri kha phong phu. C6 thé ngudi Phap di khong phat hién duoc va c6 thé day 1a
hinh anh cta nhitng st thi? Biéu trgng ma theo cic nha chuyén mon cho rang: cic trang tri ndy co lién
quan dén than Vishnu. Céc hoa van cham trén da va gach ¢ chan dé, ddu mudn hon nhung van theo
mo tip cham khéc cia than tudong thap; Qua viéc phat hién méi nay gitp nhitng ngudi tham gia tring tu
di tich, dac biét di tich kién trac Cham hiéu thém vé dén thap, nhiing nha nghién ctru 16 thém vé kién
truc Cham.

TU KHOA: Phat hién méi kién triic Cham - Khuong My.

ABSTRACT: Khuong My relic is located in Tam Xuan I commune, Nui Thanh district, Quang Nam
province, 2km south of Tam Ky city. Khuong My tower group consists of 3 towers, lined up along the
North-South axis, the door is in the East, is a traditional Champa tower with a nearly square floor
plan, the roof of the tower consists of 3 floors, the upper floor is a miniature image of the section.
bottom, top with a sandstone tip. During the construction and renovation of the project: Preservation,
restoration and restoration of the North Tower of the Mid Tower belonging to the relics of Khuong My
Cham Tower, Items: Tower body and East door. The authors have the following findings: About
patterns and carving topics: showing images of Vishnu, sacred animals like Garuda bird (with bricks
on the middle tower), monkeys decorated at the base of the tower, is this the area? central area of the
temple of Vishnu. From these decorations compareWith the drawings and drawings left by the French,
the patterns and decorative themes are quite rich. Maybe the French didn't notice and maybe this is the
picture of the epic? The symbol that experts say: these decorations are related to the god Vishnu. The
patterns carved on stone and bricks at the base, although later, still follow the carved motif of the
tower wall; Through this new discovery, it helps those involved in the restoration of relics, especially
Cham architectural monuments, to understand more about temples and towers, and researchers to
know more about Cham architecture.

KEYWORDS: New discovery of Cham architecture - Khuong My.
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1. GIOI THIEU

Di tich Khuong M§ thugc xa Tam Xuan 1, huyén Nii Thanh, tinh Quang Nam, cach thanh ph
Tam Ky 2km vé phia Nam. Nhoém thap Khuong My gom 3 thap, xép thanh hang theo truc Béc
Nam, ctra ra vao & huéng Pong, 1a kiéu thap Champa truyén théng v6i mat bang gan vudng, mai
thap gdm 3 ting, tang trén 13 hinh anh thu nho cta phan dudi, trén ciing c¢6 chop bang sa thach.

Trong qua trinh thi cong tu bo dy an: Bao ton, tu bd phuc hdi thap Bic thap Giira thudc di
tich thap Cham Khwong M¥; hang muc: Phan than thap va cira hudng Dong. Nhém tac gia co
nhimg phat hién nhu sau: V& hoa vin va cac dé tai cham khéc: thé hién cac hinh anh vé than
Vishnu, vé con thii thiéng nhu chim than Garuda (bang gach trén thap Giita), hinh con khi trang
tri & chan dé thap, phai ching day 1a khu vyc trung tim ctia khu dén thd than Vishnu. Tir nhitng
trang tri nay so sanh v4i ban v& ngudi Phap dé lai thi nhitg hoa van, nhitng dé tai trang tri kha
phong phti. C6 thé nguoi Phap dd khong phat hién dwgc va c6 thé ddy 1a hinh anh cua nhiing str
thi? Biéu twong ma theo cic nha chuyén mén cho riang: cac trang tri ndy c6 lién quan dén than
Vishnu. Céac hoa van cham trén dé4 va gach ¢ chan dé, ddu mudn hon nhung van theo motip cham
khic ctia than tuong thap.

2. NHUNG PHAT HIEN BAN PAU

2.1. Cac trang tri trén than thap da 1 ro

Céc cira gia ctia nhitng ting thap nhin chung déu trang tri véi nhiing hinh 14 dé c6 chi tiét véi
nhirng tai 14 cach hinh ngon lira, cac 6 cira gia nay khong can dbi nhau tham chi bén trai hay bén
phai ctia mot tng thap.

Puoc thé hién da s6 bang chit liéu dat nung gan ludn vao kién trac cta thap véi dé tai: Chim
than Garuda, ran thin Naga, nguodi cudi voi, cudi ngua, cac chién st bay... Mot sb phu diéu béng
da sa thach di thao chuyén dén trung bay tai Bao tang Chim Pa Ning tir trudc nam 1940, nay
con nhitng 6 tréng 16m vao tudng gach xen k& voi
nhing 6 diéu khéc hoa 14 bang gach. Mot sé tai d4
c6 chdt gin vao cac goc thap cua cac tang thap
cling duoc phat hién.

2.2. Phan chén twong dwoce phat 19

Canh hudng Tay: ¢6 chiéu dai 12m, ngay vi tri
clra gia chung t6i tim thay hai kh6i d4 vuong gom
2 thét da ghép lai véi tiét dién mat trén
0.29x0.41m c6 ddu mong dudi ca & dudi
0.37x0.66m dugc cham 3 mit co hinh 14 dé noi

cao ¢ mat chinh bén trong, hoa van day 14, nhiing

hinh 6 hinh thoi, g& chi; phﬁn nén sau cham g0 | i SOTEE N s -
canh se, trén la dé trang tri hoa van 13ap lai hinh Hinh 1. Hoa vin khdi d4 canh hudng

thoi (Hinh 1) Tay thap Gilra
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2.2.1. Thap Giira

Canh huéng Poéng: Do dic thu du an ching toi chi ha nén phan huéng Pong chiéu sau tir
0.3-0.6m so véi dat tu nhién hién trang, phat 16 ra phan chan dé gém nhitng khdi da Sa thach c6
kich thudc 0.6x0.5x0.4 dugc xép lién nhau cach chan moéng thap tir 0.4-0.5m, phan giita chan
mong voi cac khdi Sa thach duoc xay gia c¢6 bang gach. Cac khbi d4 nay ciing duge cham 3 mat
¢6 hinh 14 dé noi cao & mit chinh bén trong, hoa vin day 14, nhing hinh 6 hinh thoi, go chi; phan
nén sau cham g0 canh sen, trén 14 dé trang tri hoa van 1ap lai hinh thoi (Hinh 2). Péc biét ching
t61 bit gip hién trang xay moi chén giit v6i 16p gach bén trén nhung khong tim thdy phan dé Sa
thach bén dudi, chi hon hop gach dit d4 bi v chén bén dudi (Hinh 3).
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Hinh 2. Hoa vin trén da chan dé thap Giita

Hinh 3. Gach x4y chén giita cac khoi da chan dé
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Canh huéng Pong: Chung t6i chi 1y di 16p dit mong tir 30 dén 40 cm da phat hién lan can
bac cAp da Sa thach 0.5x0.65x1.08m bj gay phin dau xen k& cac khdi da 1a khdi xay gach cach
chan mong thap 0,6m, gitra khdi da Sa thach v6i chan moéng thap duoc gia ¢b bang gach.

2.2.2. Thdp Biic

Canh huéng Tay: Sau khi ha nén tir 0.3-0.5m so voi dit hién trang tir dé thap phat hién khoi
da Sa thach, phan trén dugc cham hoa van day 14, phan dudi 13 dé tai trang tri hinh con khi, voi
v6i dong tac sinh dong. Cac khdi Sa thach ctia chan dé khong xép lién ké nhau ma xen k& 1 céac
thanh phan gach duoc cham khic thanh cac hoa tiét lién tuc. Pic biét & vi tri cira gia 1a khdi da

sa thach cham khac hinh ngudi chip tay cau nguyén.

Hinh 5. Phan chan dé thap Bac hudng Bic
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2.2.3. Nhitng chi tiét vé tic pham diéu khéic chin dé

Trén gach gém cac hoa vin phong theo hoa vén trén than thap da sd bi hong sirc (Hinh 6)

Hinh 6. Hoa vin trén gach phan chan dé thap Bic

Trén d4 Sa thach: Chu yéu 14 nhitng phu diéu cham sau, gdm khéi dit dung dai 0.4-0.5m cao
0.8-0.9m thé hién hinh nguoi cau nguyén, khi, voi.
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Hinh 9. Tuong Khi thap Béc Hinh 10. Tuong Khi thap Bic
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3. VAI NHAN XET BAN PAU

Vé kién tric: Quan sat khoang giita ciia phan chan dé gach bén trong va chan dé da bén
ngoai xen k& phan gia ¢d gach & giita dan dén két ludn: Chan thap xdy bang gach c6 nién dai
som, bang d4 c6 nién dai mudén nhu My Son A1, Chién Dan (Quang Nam), Hung Thanh, Duong
Long (¥ kién ctia nha nghién ctru Tran Ky Phuong).

V& hoa vin va cac dé tai cham khic: thé hién cac hinh anh vé than Vishnu, vé con thu thién
nhu chim thin Garuda (bang gach trén thap Giira), hinh con khi trang tri & chan dé thap, phai
chang déy 1a khu vyc trung tim cta khu dén tho than Vishnu. Tir nhitng trang tri nay so sanh voi
ban v& ngudi Phap dé lai thi nhimg hoa vin, nhiing dé tai kha phong pht. C6 thé nguoi Phap da
khong phat hién dugc va c6 thé ddy 1a hinh anh cac sir thi.

Cac hoa van cham trén da va gach ¢ chan dé, ddu mudn hon nhung van theo md tip cham
khic ciia than tuong thap.

Qua viéc phat hién méi nay giup nhimg ngudi tham gia trung tu di tich, ddc biét di tich kién
tric Cham hiéu thém vé dén thap, nhitng nha nghién ctru rd thém vé kién trac Chim.

TAI LIEU THAM KHAO

[1] HO6 Xuan Tinh “Di tich Chdam ¢ Qudng Nam”, NXB Pa Nang, 1998, trang 37
[2] Xem Thong tin s6 17/2006 vé Danh muc cac hién vat Cham & Quang Nam, trang 30

[3] Doc Nguyén Thuong Hy “Nhitng phdt hién vé kién tric nhém thip Khwong My -
Qudng Nam”, Kién tric Viét Nam sé 1/2001, trang 40-42
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BAT CAP KHI AP DUNG PINH MUC TRONG QUA TRINH
LAP DU TOAN CHI PHi XAY DUNG CONG TRINH TU BO DI TiCH

SHORTCOMINGS WHEN APPLYING NORMS IN THE PROCESS
OF ESTIMATING CONSTRUCTION COSTS FOR MONUMENTS
AND RENOVATION WORKS

ThS. Pang Phudc Vinh', ThS. Lé Anh Minh®
'2Vién Khoa hoc cong nghé xay dung
Email: phuocvinh03kx2003@gmail.com; leanhminh85@gmail.com

TOM TAT: Dy toan dau tu xay dung cong trinh 1a mot trong nhitng yéu té quan trong nhit quyét dinh
tinh kha thi cia mdi dy 4n ciing nhu thanh céng hay thit bai ctia nha thau. Trong d6 dinh mic xay dung
1a yéu t6 c6t 16i cua dy toan. Viéc ap dung dinh mirc nhu thé nao cho mdi cong tac doi hoi bién phap thi
cong, chi dan k¥ thuat, trinh d6 ciing nhu kinh nghiém ciia can b 1ap du toan. D6i véi cac cong trinh tu
b di tich noi riéng, viéc ap dung dinh mirc hién nay ton tai mot sd bat cap khi 4p dung dan dén viéc xut
giam gi4 tri khi cong trinh thyc hién viéc thanh tra va kiém toan. Bai viét ndy nhim muc dich phan tich
mot s6 bat cap thuong gip va cach giai quyét van dé tir d6 tong hop kinh nghiém cho viéc 1ap du toan
sau nay.

TU KHOA: Dy toan, dinh muc, di tich.

ABSTRACTS: Construction cost estimating is one of the most important factors determining the
feasibility of each project as well as the success or failure of the contractor. The construction norm is the
core element of the cost estimating. Applying the norm for each construction work depends on
construction methods, technical instructions, qualifications and so as to the experience of estimating
engineer. In particular, the current application of the national norms in the monument works has some
shortcomings, leading to a decrease of the cost when the construction is inspected and audited. The
article aims to analyze some common inadequacies and norminate several methods to solve them, and
then drawing experience gathering for future monument cost estimation.

KEYWORDS: Estimating, norms, monuments.

1. PAT VAN PE

Dy toan xay dung cong trinh (goi tit 14 dy toan) 13 toan b chi phi can thiét du tinh dé xay
dung cong trinh. Dy todn dugc xac dinh theo khéi lugng tinh toén tur thiét ké xay dung (ban ve),
cac chi dan k¥ thuat, yéu cau cong viéc phai thuc hién, ké hoach ctia cong trinh, diéu kién thi
cong, bién phap thi cong va dinh mic xay dung, gia cac loai vat tu, nhan cong, may thi cong va
cac quy dinh khac ¢6 lién quan dugc ap dung phu hop véi cong trinh.

Trong co céu thanh phan ciia du toan, dinh mirc 13 yéu t6 quyét dinh 16n nhat dén gi4 thanh
ctia dy toan cong trinh. Hé thong dinh murc xay dung bao gdm dinh mtc kinh té - k¥ thuat (dinh
muc co sé va dinh mue du todn) va dinh muc chi phi.

Pinh muc dy toan 1a muc hao phi can thiét vé& vat liéu, nhan cong, may va thiét bj thi cong
duogc xac dinh phi hop véi yéu cau k¥ thuat, didu kién thi cong va bién phap thi cong cu thé dé
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hoan thanh mét don vi khéi luong cong tac xay dung cong trinh [1]. Hién nay co nhiéu bd dinh
mirc khac nhau duoc sir dung tng véi tinh cht cia timg cong viéc, ting cong trinh (dinh mirc
xdy dung cong trinh; dinh mac lip dat hé théng k¥ thuat; dinh muc sira chira, bao dudng cong
trinh xay dung; dinh muc du todn bao quan, tu bo va phuc hdi di tich lich st - van hoa, danh lam
thang canh,....). Do d6, mot cong tac xay dung c6 thé duoc ap nhiéu ma dinh mirc khac nhau tiy
vao tinh chét cong trinh, quy mé cong viéc, chi dan k¥ thuat, bién phap thi cong va kinh nghiém,
quan diém, chu quan cta ngudi lap dy toan. Bat cap ndy sinh tir khau van dung mi dinh murc
ndo, dinh mic dy toan nao cho timg cong tac. Viéc 4p dung mi dinh muc khac nhau ciing dan
dén sy thay ddi gia tri xdy dung twong ddi 16n.

Dinh muc chi phi gdm dinh muc tinh bang ty 1¢ % va dinh mirc tinh bang gia tri. Pinh muc
chi phi 14 co s¢ dé xac dinh gia xay dung cong trinh, du toan chi phi ctia mot s6 loai cong viéc,
chi phi trong dau tu xay dung nhu chi phi gian tiép, thu nhap chiu thué tinh trudc, chi phi quan 1y
du an, chi phi tu van dau tu xdy dung va mot s ndi dung chi phi khac [1]. Trong d6 tiiy vao
phan cép timg cong trinh ma 4p dung cic hé s6 ciia dinh mirc chi phi ciing khac nhau. Viéc ap
dung cac hé sé nay co quy dinh cu thé theo thong tu hién hanh do B6 Xay dung ban hanh. Tuy
nhién, bit cap ciing ndy sinh trong viéc ap dung cac hé sd nay nhu thé nao cho phu hop.

Bai viét nay nham muc dich phéan tich mot s6 bat cap thuong gip trong viée ap dung dinh
mirc va cach giai quyét dé tong hop kinh nghiém cho viéc 1ap du toan sau nay. Gidi han bai viét
nay chi tap trung vao cac du an sir dung vén ngan sach (co quan thdm dinh 13 co quan quan 1y
nha nudc), gidi han trong viéc chi phan tich mot vai by dinh mic dy toan xay dung cong trinh
hién hanh, ph bién. Ngoai ra chi tip trung vao cong tac co chénh 1éch gia tri xay lap 16n.

2. TONG QUAN
2.1. Nhitng quan diém, nguyén tic tring tu co ban d6i véi cong trinh tu bd di tich

Viét Nam c6 lich sir vin héa truyén thong lau doi. Trai qua may ngan nam lich sir dung nuéc
va gilt nudc, to tién di dé lai cho chung ta nhitng di san van hoa (di san vat thé va phi vat thé) vo
cung quy bau. Trong dé, di san vat thé bao gdm cac loai hinh nhu di tich lich sir van hoa, di tich
kién trac nghé thuat, di tich khao c6 va danh lam thing canh dugc xép hang (goi chung 14 di tich
lich str vin héa, danh lam thing canh). Trong d6 phan 16n cac di tich nay chira dung nhirng gia
tri lich sur, van hoa, khoa hoc do ban tay con ngudi sang tao ra. Nhitng di sdn van héa nay la san
pham tinh than, vat chat c6 gia tri lich sir, vin héa, khoa hoc duoc luu truyén tir thé hé nay qua
thé hé khac. Di tich lich st van hoa, danh lam théng canh Viét Nam hét strc da dang, phong phu
vé cAu tric, dic trung nghé thuat thé hién nén van hoa, nghé thuat cua cac thoi dai. Pac biét cac
cong trinh di tich duoc x4y dung phan 16n sir dung tho thu cong, nghé nhan c6 tay nghé cao, co
ky thuat ché tic tinh xdo... Qua niam thang, bi quyét va truyén thong xay dung di dwoc nhiing
nghé nhan, tho thu cong bao ton, phat huy va truyén lai cho doi sau. [2]

2.1.1. Quan diém
Ul tién gitr gia tri ndi bat; trung bay gidi thiéu cac gia tri con lai.

Ut tién cho bao quan yéu to goc, tu bo néu can thiét, co thé phuc hoi khi du dieu kién.
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Gia cuong hop 1y dé dap Gmg diéu kién sir dung hién tai.
Viéc phuc hoi phai phu hop véi ddc diém vian héa.

Gin giti/tai hién khong gian canh quan lich str.

2.1.2. Nguyén tic

Tuan thi luat Di san Vin hoa ciia Viét Nam, cac Cong ude qudc té vé bao ton di tich. Tiép
thu cac két qua nghién ctru vé lich su, van hoa, kién tric, my thuat; TS chirc cic chuyén dé
nghién ctru vé di tich.

Bao ton va han ché can thiép vao cac yéu td gdc cua di tich; cu thé 1a gilt nguyén cau trac
hién con, gia cb v6i phuong phap tac dong it nhat dén yéu td gdc; phan cau kién con lai bi hu
hong dugc phuc hdi trén co s tai dinh vi cac chi tiét, bo phan cong trinh.

Dua trén nhimg cin ct chinh xac dé dua ra cac quyét dinh phuc hdi: cac chuyén dé nghién
ctru duoc kiém tra béng thong tin nhan chiing, cac cudc hop bao vé phuong an tu bd, béo ton di
tich. Ly ¥ kién chuyén gia trong linh vurc bao t6n di san.

Khao sat, phan tich va danh gia toan dién vé di tich 1am co s& cho cong tac phuc hoi.

bam bao cho di tich viing chéc, 6 tudi tho 1au dai.

2.2. Nhitng bd dinh mirc don gia dang ap dung cho cong tic tu bd, phuc hdi di tich

Do nhitng dic diém, tinh chat, quan diém, nguyén tic tu bo, phuc hdi cac cong trinh di tich
néu trén, cdn cur cac quy trinh, quy pham k¥ thuéat vé thiét ké, thi cong, cac s6 liéu, tai liéu thu
thap va tong hop vé cong tac tu bo di tich trong ca nudc, Bo Van héa - Thong tin di ban hanh bo
dinh mtrc du toan bao quan, tu bd va phuc hdi di tich lich sir - van hoa, danh lam théng canh theo
quyét dinh s6 13/2004/QD-BVHTT ngay 01/04/2004 (goi tit 1a dinh mic 13). Pay 14 bo dinh muc
da dugc st dung phd bién dbi véi cac cong trinh tu bo, ton tao di tich ¢ hau hét cac dia phuong.

Ngoai ra dbi v6i nhitng cong tac khong co trong bd dinh mirc 13 thi 4p dung ma dinh mirc
clia cac by dinh mirc phii hop véi tinh chét cong viée, trong d6 phd bién 1a bd dinh mirc theo
thong tu 10/2019/TT-BXD ngay 26/12/2019 ctia B6 Xay dung (goi tit 1a dinh mic XDCB);
Dinh muc duy tri cdy xanh d6 thi (theo quyét dinh sé 593/QD-BXD ngay 30/05/2014 ctua B
Xay dung) va cac dinh mtrc hién hanh khéc.

3. BAT CAP TRONG VIEC AP DUNG PINH MUC DU TOAN
3.1. Poi véi cong tac tu bd, phuc hdi cau kién gd

Céc cong trinh voi két ciu b khung va hé mai bang gd chiém da sb trong cac cong trinh di
tich can tu bo va phuc hdi. Gia tri cua phan gia cong cau kién gd chiém x4p xi trong khoang
30-35% gia tri xay lép cia mdt hang muc hoac cong trinh. Tuy nhién, viéc 4p dung dinh muc
phan gia cong cau kién gd con nhiéu bét cip va tranh cai. Tuy thudc vao co quan tham dinh va
can bo tham dinh trong giai doan tham dinh bao cdo Kinh té k§ thuat hoic tham dinh ho so thiét

ké ban vé& thi cong, dinh muc gia cong cau kién gd xoay quanh hai by dinh mirc XDCB va
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dinh muc 13. Theo quan diém cua co quan tham dinh va can bd tham dinh, nhiing cAu kién phuc
hdi (thay méi) thi sir dung dinh mirc XDCB mic du d6 1a cong trinh di tich.

Trong thuyét minh cta dinh mérc 13, thanh phan cong viéc bao gdm chudn bi dung cu,
phuwong tién lam viéc, van chuyén vat liéu trong pham vi 30m. Xac dinh kich thuoc, lcfy muec theo
phwong phdp thii cong dan gian. Gia cong cdu kién theo trinh tw gia cong thii cong truyén thong.
Hoan chinh san pham theo ding yéu cau kj, my thudt. Trong khi d6, thanh phan cong viéc gia
cong ciu kién gb cua dinh mic XDCB gia cong va lap dung cac ciu kién gd, van chuyén vt liéu
trong pham vi 30m. R& rang, v&i bo dinh mirc XDCB, cong tac gia cong cu kién gd kich thudce
theo cac md dun dinh sin, gia cong hang loat theo cong nghiép. Do d6 hao phi nhan cong ciia
cong tac gia cong cdu kién gd cua hai bo dinh mirc da khac nhau va chénh 1éch nhau rat nhiéu.
Ly vi du mot cong tac gia cong, 1ip dung 1m’ ciu kién ké, by (keo) trong bd khung gd (liy
theo don gia vat liéu va nhan cong tai thoi diém thang 08 ndm 2021 trén dja ban tinh Thira Thién
Hué), chénh 1éch nhan cong giita hai bd dinh muc 16n hon 2 lan (bang 1 va bang 2).

Ngoai ra, chung loai cdu kién ctia bd khung va hé méi cta cong trinh gd rat nhiéu (cot, keo,
xa, xuyén, trén, don tay, rui, diém, diii,.....), tuy nhién bd dinh miac XDCB chi ¢ gia cong céu
kién vi kéo gd va gia cong cu kién don tay (xa gd) va cau phong (rui). Do dé, dbi voi cong tac
gia cong cac cdu kién khac thudc hé khung, budc phai van dung dinh muc gia cong vi kéo gd.
Vi vay, viéc st dung ma dinh muc trén da khong phan anh dung tinh chét, nguyén tic tu bo,
phuc hdi ciing nhu d6 tinh xao trong ché tac ddi v6i viéc gia cong céu kién gd. Ngoai ra, chénh
1&ch gi4 tri thanh tién khi viée st dung ma dinh mutc cua hai bd dinh muc khac nhau tuong dbi
16n, 1am anh huong dén chi phi xay lip va tong mirc dau tu xay dung cua cong trinh. Bang 3 thé

hién chénh 1éch trong cong tic gia cong, lip dung mot sd cdu kién cua hé khung, mai gb.

Bang 1. Chi phi truc tiép cuia cong tac gia cong, lip dung 1m’ kéo gd theo bo dinh mirc XDCB

STT MA HIEU TEN C(”)Iij VIEC/ | PON |PINH MUiC DON GIA HE TH@NH
PON GIA| THANH PHAN HAOPHi | VI | HAOPHI | VATTU | SO | TIEN
A i a0 <6om | ™

Vat liéu (VL) 34.952.500
Gb nhom 2 m? 1,120 [30.000.000 33.600.000
Bu 16ng M16 x 330 céi 82,500 15.000 1.237.500
Dinh dia d6 x120 céi 42,500 2.000 85.000
Dinh mii kg 1,500 20.000 30.000
Nhan cong (NC) 1.791.012
Nhan cong 3,5/7 - nhom 2 cong 8,110 220.840 1.791.012
Chi phi truec tiép VL+NC+M 36.744.000
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Bang 2. Chi phi truc tiép cua cong tac gia cong, lip dung 1m’ kéo g theo bd dinh mirc 13

MA

str| HIEU TEN COI:IG VIEC / ~ |DON | DINH MU:C BON GIA HE THAANH
bON GLA| THANH PHAN HAOPHI | VI | HAOPHI | VATTU | SO | TIEN
Tu bd, phuc hdi cac loai ke,
1 | 03.04.12 |bay va cac ciu kién tuong ty | m’
phtc tap
Vit liéu (VL) 36.915.000
G6 nhom 2 m? 1,150 |30.000.000 34.500.000
Vit lidu khac % 7,000 2.415.000
Nhdn cong (NC) 35.253.376
Nhan cong 5,0/7 - nhom 3 cong 86,010 281.862 24.242.914
Cong ngh¢ nhan 2/2 cong 20,160 546.154 11.010.462
Chi phi truec tiép VL+NC+M 72.168.376
2 O | e et v by | ™

Vit liéu (VL) 176.000
G6 chén m? 0,040 | 4.000.000 160.000
Vit lidu khac % 10,000 16.000
Nhdn cong (NC) 3.471.227
Nhan cong 5,0/7 - nhom 3 | cong 8,130 281.862 2.291.535
Cong nghé nhén 1/2 cong | 2,000 589.846 1.179.692
Chi phi truec tiép VL+NC+M 3.647.000

gitra 4p dung dinh mirc 13 va dinh mirc XDCB

Bang 3. Chénh léch gia tri cia cong tac gia cong, lip dung cac ciu kién gd dién hinh

Thanh tién chi phi truc

Tén cong tac (don vi Im?)

tiép (don vi: VND) Gia cong, lap | Gia cong, lap Giarl cong, lap dujng Pon tay Rui, diii,
dung cot dung keéo ap qua, try doi lach,..
Str dung dinh mrc 13 60.182.068 | 75.815.603 63.869.012 58.298.290(58.298.290
Str dung dinh mirc XDCB| 36.743.512 | 36.743.512 36.743.512 33.876.735|33.854.651
Chénh I¢ch (1)/(2) 1,638 2,063 1,738 1,721 1,722
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3.2. Pbi v6i cong tac chong moi ciu kién gb

Ciing nhu cong tac gia cong cdu kién gd, cong tac chong mdi cac cau kién gd trong céc cong
trinh tu bo di tich ton tai ba bo dinh muc dang sir dung hién nay: dinh muac 13; Pinh mirc va don
gi4 phong trir mdi trong cong trinh xay dung va xir 1y con tring gay hai theo quyét dinh s6 32/TWH
ngay 08/04/2014 ctia Hoi Khoa hoc K§ thuat Lam nghiép Viét Nam (goi tat 1a dinh mirc theo QD 32);
Dinh mirc dy toan diéu tra, khao sat va xir Iy mdi theo vin ban sb 120/BNN-XD ngay 14/01/2008
ctia Bo Nong nghiép va phat trién Nong thon (goi tat 1a dinh murc theo CV 120).

Déi voi cong tac chdng mdi ciia bd dinh mirc theo QD 32, chi dan k¥ thuét chi dé cap dén
phuong phap xtr 1y twong tng véi ching loai, yéu cau va muc dich sir dung chong mbi va con
trung gay hai cho cdu kién gd va 1am san, khong dé cap cu thé 1a loai gd ndo: cac cau kién gd cil,
tai sir dung (d6i v6i cac cong trinh di tich) hay gd médi. Trong khi d6 dbi véi cac cau kién gd tai
str dung cua cac cong trinh di tich (1a quan diém, nguyén tic co ban quan trong nhat dbi véi cong
tac bao ton, tu bd di tich 1a bao ton va han ché can thiép vao cac yéu té gbc cua di tich) thi viée
ap dung dinh muc theo QD 32 chua phu hop.

Chi dan k§ thuat d6i véi cong tac chdng mbi mot cho ciu kién gd cua dinh murc 13 da liét
ké day du quy trinh, thanh phan cong viéc chong mdi mot cho ca ciu kién gd méi phuc hoi va
cAu kién gd tai sir dung tuan thu theo nguyén tic, quan diém tu bd phuc hoi di tich, luat Di san
Vin héa caa Viét Nam, cac Cong udc qudc té vé bao ton di tich.

Dbi v6i dinh mire theo CV 120, hudng din ap dung da chi rd dink mirc dw todn dp dung dé
xdc dinh don gid diéu tra, khdo sat va xir 1y méi, lam co s6 ldp di todn, tong dw todn, tong mirc
ddu tw va qudn Iy chi phi dau tw xdy dung cong trinh do B Nong nghiép va Phat trién néng thén
qudn 1y. M dinh mtc M.141 duogc ap dung cho diét va phong mdi trong céu kién gd, va ciing
nhu dinh muc theo QP 32 chwa dé cap cu thé, xem xét cac ciu kién gd cil, tai sir dung.

Nhu vay, ddi véi céac cau kién g5 tai st dung, bdo quan bé mat thi dinh mrc chéng mdi cua
hai bd dinh mirc theo QD 32 dinh mirc theo CV 120 khong phut hop dé ap dung. Ngoai ra, tuong
mg v6i mbi ma dinh muc cta by dinh mirc khac nhau, hao phi nhan cong cho cong tac chong
moi ciing khac nhau dan dén chénh léch 16n trong gia tri xay lap khi 4p dung dinh mirc cho cong
tac chéng mbi cau kién gd d6i voi cong trinh di tich (bang 4).

Bang 4. Hao phi nhan cong cua cong tac chong mai cau kién go ciia moi bd dinh mure

STT Dinh muc 4p dung Hao phi nhan cong/m?* (cong)
1 Pinh muirc 13 0,500
2 Pinh muc theo QD 32 0,130
3 Pinh mirc theo CV 120 0,150

Tuy nhién viéc ap dung dinh mirc cho cong tac phong chéng méi dbi v6i cong trinh di tich
van con bat cap va tranh ci trong qua trinh thim dinh hd so du toan thiét ké. Quan diém cua co
quan tham dinh mic du c6 mi dinh muc cua cong tac phong chéng méi cua bd dinh muc 13,
nhung do co nhiéu bd dinh muc c6 thé ap dung, nén uu tién chon bd dinh mirc nao c6 hao phi
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nhan cong thap nhat, do d6 chi cho phép ap dung mét trong hai by dinh mirc theo QP 32 va
theo CV 120.

4. BAT CAP TRONG VIEC AP DUNG PINH MUC CHI PHi
4.1. Pinh mirc chi phi 4p dung riéng cho tirng loai cong viéc

Hé s6 dinh mac chi phi gian tiép (chi phi chung, chi phi mét sé cong viéc khong xac dinh
duogc khéi luong tir thiét ké), thu nhap chiu thué tinh trudc trong dinh mirc chi phi tiy timg loai
cong trinh duoc quy dinh cu thé trong théng tu 09/2019/TT-BXD (nay da duoc thay thé bang
thong tu 11/2021/TT-BXD).

Tuy nhién khi 4p dung cc hé sb trén da ndy sinh mot s6 van dé trong viéc phén loai hang
muc di tich va hang muc con lai trong mot du an. Mot du an téng thé ngoai cac hang muc/cong
trinh di tich bao gid ciing bao gém cac hang muc phu tro, ha ting k¥ thuat,... Trong mot hang
muc/cong trinh thudc loai cong trinh di tich bao gdm nhiéu cong viéc khac nhau, va bao gdm
nhiéu mé dinh mtrc cua cac loai bd dinh muc khac nhau. Chinh tir viée ¢6 nhiéu bd dinh muc
trong mot hang muyc/cong trinh tu bo di tich dan dén bat cap quan diém ap dung hé sé dinh muc
chi phi. Quan diém cua mot sb co quan tham dinh thi cong tac nao c6 ma dinh muc cia bd dinh
murc 13 thi 4p dung hé s6 dinh muc chi phi ting véi loai cong trinh di tich, con lai cdc ma dinh
mirc khac ap dung hé sé dinh mirc ing véi loai cong trinh dan dung (cha yéu ¢ chi phi chung).
Do d6 yéu cau don vi 1ap du toan tach ra phﬁn cong viéc c6 ma dinh mirc ciia bo dinh mtrc 13 va
céc cong viée con lai. Day 1a bat cap ton tai qua nhidu nam va nhiéu cong trinh. Nhu da dé cap o
phan trén, ddi voi cong trinh di tich c6 quan diém, nguyén tic tu bd, phuc hdi rat chit ché, tuan
thu theo céc cong udce, cac luat, nghi dinh,... Cac cong tac ap dung ma dinh mirc khong thude bd
dinh murc 13 bai vi trong bd dinh mirc 13 khong c¢6 cac ma dinh mirc twong tng voi tinh chat
cong viéc do, nén phai &p dung cdc ma dinh muc cia bd dinh mirc khéc.

Pon cir cong tac dao dat hd moéng, dao dat phat 16 cac cdu kién ngadm cia cong trinh (cong
tac pho bién nhat d6i véi cac cong trinh tu bo di tich). Cong viéc ndy mang tinh chat quan trong
nhat trude khi tién hanh viée tu bd, phuc hoi. Vi khi khao sat, dao tham sat cong trinh, khong thé
dao toan b khu vuc cong trinh nén viée khao sat cac yéu to ngdm cua cong trinh déi khi c6 xay
ra sai sot, hodc khong phat 16 cac di tich goc nam bén dudi cong trinh din dén viéc dua ra
phuong an thiét ké, tu bd phuc hdi chua dang theo nguyén gbc cua di tich. Do d6 trong qua trinh
dao dat hé mong, dao dat phat 1o cac cau kién ngdm khong didn ra nhu dao dat ciia cac cong
trinh dan dung vé dung cu, phuong ti¢n, tién do dao dat. Viéc dao dat trong cac cong trinh di tich
vira mang tinh chit tuong tu ciia khao ¢ hoc. Trong qua trinh dao dat phat 16 cac yéu t6 di tich
moi, nhimg yéu t6 khac véi hd so khao sat va thiét ké budc don vi thi cong phai tam ngung dé
cac don vi lién quan tién hanh do dac, khao sat, danh gia cAu kién, 1én phuong an thiét ké bd
sung (néu co), t6 chirc cac cudc hop, hoi thao, chuyén dé dé 1ay y kién cac chuyén gia, cac nha
nghién ctru. Tr d6 téng hop dé dua ra phuong an, ho so thiét ké diéu chinh bo sung. Thoi gian tir
khau khao sat, do v& dén lac hd so diéu chinh bd sung duge phé duyét khong ludng trude dugc,
c6 thé kéo dai dén 1 nam. Do do, viée ap dung h¢ s6 dinh murc chi phi cua loai cong trinh dan
dung cho cong tac dao dét trong hang muc/cong trinh di tich khong hop 1y.
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Bang 5. Tong hop chi phi xy dung ctia mot hang muyc cong trinh di tich -
tach ra thanh hai bang tong hop tuong tng v6i bo dinh mirc 4p dung

STT NOI DUNG CHI PHi CACH TINH GIA TRI KH
2A. Hang muc: Nha triu (Phan viéc ap dung dinh mirc tu bo di tich)
I |CHIPHI TRUC TIEP
1 |Chi phi vat liéu VL 135.820.930 | VL
2 | Chi phi nhan cong NC 122.308.277 NC
3 | Chi phi may thi cong M
Chi phi truc tiép VLANC+M | 258.129.207 T
Il |CHI PHI GIAN TIEP
1 |Chi phi chung T*11,6% 29.942.988 C
2 |Chi phi nha tam dé ¢ va diéu hanh thi cong T*1,2% 3.097.550 LT
3 lfl?;pllllrlorj?;tt Ziglz?iglec khong xdc dinh duge T*2,5% 6.453.230 | TT
Chi phi gian tiép C+LT+TT 39.493.769 | GT
III |THU NHAP CHIU THUE TiNH TRUOC (T+GT)*5,5% | 16.369.264 TL
Chi phi xay dung trudc thué T+GT+TL 313.992.240 G
IV |THUE GIA TRI GIA TANG G*10% 31.399.224 | GTGT
Chi phi xdy dung sau thué G+GTGT 345.391.464 | Gxp
2B. Hang muc: Nha tru (Phin viéc ap dung dinh mirc xay dung co ban)
I |CHI PHI TRUC TIEP
1 | Chi phi vat liéu VL 55.436.892 | VL
2 |Chi phi nhan cong NC 41.045.035 | NC
3 |Chi phi may thi cong M 2.658.553
Chi phi tryc tiép VL+NC+M 99.140.479 T
I |CHI PHI GIAN TIEP
1 |[Chi phi chung T*7,3% 7.237.255 C
2 |Chi phi nha tam dé ¢ va diéu hanh thi cong T*1,2% 1.189.686 LT
3 S:; ﬁ?ﬁ;ﬁ;’ﬁiﬁf@?ifﬁ khong xdc dinh duge T*2,5% 2478512 | TT
Chi phi gian tiép C+LT+TT 10.905.453 GT
III |THU NHAP CHIU THUE TiNH TRUOGC (T+GT)*5,5% | 6.052.526 TL
Chi phi xay dung truéc thué T+GT+TL 116.098.458 G
IV |THUE GIA TRI GIA TANG G*10% 11.609.846 | GTGT
Chi phi xay dung sau thué G+GTGT 127.708.304 | Gxp
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Diéu bit cip nhat ¢ day la viéc phan tach trén khong dugc quy dinh cu thé trong cac thong
tu, nghi dinh va ciing khong duoc 4p dung dong loat & cac co quan tham dinh, cac dia phuong.
Viéc nay chi xuat phat chu yéu tir quan diém chi quan ctia mdi can bd phu trach theo timg giai
doan, timg nam hodc timg du an. Do d6, viéc phan tach nhu trén chu yéu dua vao chi quan cia
nguoi thim dinh.

4.2. Pinh mirc chi phi khong dwoc ap dung ddi véi cong viée a4p dung mi dinh mire 13

No6i dung cua dy toan xdy dung theo quy dinh tai biéu 8 Nghi dinh 68/2019/ND-CP cua
Chinh phu ngay 09 thang 02 nam 2021 vé Quan 1y chi phi dau tu xay dung. Cac thanh phan chi
phi trong du toan dugc quy dinh cu thé theo diéu Diéu 8 Thong tu 09/2019/TT-BXD ciia B Xay
dung vé viéc xac dinh va quan 1y chi phi ddu tu xay dung. Trong d6 chi phi xdy dung bao gém
chi phi truc tiép, chi phi gian tiép, thu nhap chiu thué tinh truéc, thué gia tri gia ting. Chi phi
gian tiép bao gdm chi phi chung, chi phi nha tam, chi phi mot s6 cong viéc khong xac dinh duoc
khdi lugng tir thiét ké. Nhu vay ddi chiéu voi nhitng ndi dung trong thong tu 09/2019/TT-BXD
thi chi phi gian tiép dugc ap dung cho toan bo cac loai cong trinh xay dung noi chung.

Tuy nhién can cir két luan thanh tra s6 355/KL-TTCP ngay 04/03/2021 ctia thanh tra Chinh
phu vé viéc thuc hién phap luat vé quéan ly st dung dét dai; hoat dong tham do, khai thac cat, soi;
quan 1y dau tu xdy dung trén dia ban tinh Thira Thién Hué, cy thé thanh tra tai goi thau sé 09
“Thiét ké va xay 1ap” (g6i thau hdn hop EC) thudc du an Bao t6n, tu bd hé théng Tuong va Cong
Tt Cam Thanh (giai doan 1), két luan c6 néu rd cac hang muc, dau coéng viée sir dung mé dinh
muc cua dinh 13 khong dugc ap dung hé s6 chi phi nha tam, chi phi mot ) cong viéc khong xéc
dinh dugc khéi luong tur thiét ké. Ly giai diéu nay, can by thanh tra néu trong ndi dung cua dinh
mure 13, trang 3 ¢6 quy dinh ap dung: Pinh mitc dir todn bdo qudn, tu bé va phuc hoi di tich lich
su - van hoa, danh lam thcfng canh la dinh mire Kinh té ky thudt xac dinh hao phi can thiét vé vat
liéu, nhdn cong dé hoan thanh mét don vi khoi lwong céng tic bio qudn, tu bé va phuc hoi di
tich tir khdu chudn bi dén khi két thiic. Pidu d6 c6 nghia hao phi trong dinh muc d3 bao gém cac
chi phi truc tiép va gian tiép dé hoan thanh mot don vi khdi luong cong viée, do d6 khong can
thém chi phi lan trai va chi phi tryc tiép khac. Chinh diéu nay da dan dén viéc xuit toan gia tri
cua cong trinh.

Bit cap ¢ dy 1a ndi dung quy dinh ap dung giita thong tu 09/2019/TT-BXD cua Bo Xay
dung va quy dinh ap dung trong dinh muc 13 di mau thuin 13n nhau theo quan diém chu quan
clia timg ngudi. Pidu bt cap hon 1a viéc xuat giam nay chi 4p dung ddi v6i nhimg cong trinh
nao nim trong dién thanh tra ciia doan thanh tra Chinh phu giai doan d6, con nhitng cong trinh

khac khong thudc dién thanh tra va cac cong trinh tir trude dén hay khong bi xuat giam.

5. GIAI PHAP XU LY

Nhitng bét cap trén chu yéu do chi quan, quan diém cua ngudi 14p va thim dinh du toan. Vé
bét cap dbi voi dinh mirc chi phi dién ra khong nhiéu du an chi tap trung sd it & co quan tham
dinh va chua thuyét phuc dugc can bd thim dinh nén chwa cé giai phap xir 1y van dé nay.
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DPdi véi vide ap dung ma dinh muc dy todn cho ting cong tac (bét cap dién ra hau hét & cac du
an) theo nhu phan tich & trén thi giai phap c6 tinh thuyét phyc nhat 1a:

Déi véi hod so ban vé& thiét ké thi cong, chi dan k¥ thuat, thuyét minh quy trinh thi céng cac
cong tac chinh, quy trinh thuc hién phai néu rd, nhin manh quan diém, nguyén tic tu bd, phuc
hdi va ton tao cong trinh di tich, tudn thu luat di san, cong udc quéc té vé bao ton di tich mot
cach khit khe. Moi cong viée (néu co) phai c6 chi dan ky thuat rd rang, day du dé hudng dén bao
vé dugc dinh mure da lua chon.

Chtrng minh bang hd so du toan cta cac cong trinh tuong tu da thuc hién, di dugc kiém
toan, quyét toan hoan thanh dé chirng minh, bao vé cho viéc st dung cac dinh mirc du toan nao
phu hop.

6. KET LUAN

Bit cap trong viéc ap dung dinh mtrc dy toan va dinh muc chi phi la van dé tdn tai tir 1au va
x4y ra tranh cii trong mdi lan 1ap dy toan va tham dinh du toan. Bat cap nay khong mang tinh
phé bién ma tuy thudc vao cé nhan, co quan tham dinh va theo tung giai doan, tng dy an. Dudi
ap luc tién d6 du 4n budc chi dau tu, don vi tu van thiét ké phai chép nhén vdi quan diém cua co
quan thadm dinh dua ra, tir d6 tao tién 1& cho cac du 4n sau. Chinh viéc nay dan dén hé luy don
gia xdy dung thap khong tuong tmg véi don gia thyuc té cia thi truong, do d6 c6 thé khong Iya
chon duoc nha thau thi cong do gia du thau ciia cac nha thau vuot qua don gia goi thau. Ngoai
ra, sy bat cap trén con dan dén su khong théng nhét trong vi¢c 1dp du toan cua cac cong trinh di
tich twong tw nhau vé tinh chit cong viéc.

Bit cap trong viéc ap dung dinh mirc chi phi, tin suat gip phai khong nhiéu, chi tap trung rat
it du an va cling chua c6 giai phap xur ly thich hop. Do chénh 1éch gia tri khi 4p dung dinh muc
chi phi theo mi dinh muc cong viéc khong nhiéu (chénh 1éch hé sé chi phi chung), nén dé dam
bao tién d6 du an hau nhu phai chip nhan yéu ciu cta can bo tham dinh.

Déi véi bat cap trong viée str dung dinh muc dy toan (anh hudng 16n dén gia trj cong trinh)
giai phap kha thi nhat dé thuyét phuc co quan tham dinh hién nay la chd trong trong ho so k¥
thuat (ban v&, thuyét minh, chi dan ky thuat chat ché, d& cao tinh my thuét trong cong tic gia
cong tha cong truyén théng). Ngoai ra con chirng minh bing cac cong trinh tuong ty di duoc

quyét toan hoan thanh.

TAI LIEU THAM KHAO
[1] Nghi dinh 10/2021/ND-CP ctia Chinh phii ngay 09 thang 02 nam 2021 vé Quan 1y chi phi
dau tu xdy dung

[2] Dinh mirc dur toan bao quan, tu bd va phuc héi di tich lich st - vin hoa, danh lam thing canh
theo quyét dinh s6 13/2004/QD-BVHTT ngay 01/04/2004 ciia Bo Vin hoa - Thong tin

[3] Dinh mtc dy toan xay dung cong trinh theo thong tu 10/2019/TT-BXD ngay 26/12/2019
cua B Xay dung
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[4]

[5]

[6]

[7]

Hi nghi Khoa hoc Cén bg tré lan thir XVI

Dinh mirc va don gia phong trir mdi trong cong trinh xay dung va xir Iy con tring gy hai theo
quyét dinh s6 32/TWH ngay 08/04/2014 cta Hoi Khoa hoc Ky thuat Lam nghié¢p Viét Nam
Dinh mirc du toan diéu tra, khao sat va xur 1y mdi theo van ban sd 120/BNN-XD ngay
14/01/2008 cua Bo Nong nghiép va phat trién Nong thon (goi tit 1a dinh mie theo CV 120)
Thong tu 11/2019/TT-BXD ngay 26 thang 12 nam 2019 ctia B x4y dung vé viéc xac dinh
va quan 1y chi phi dau tu xdy dung

Két ludn thanh tra s6 355/KL-TTCP ngay 04/03/2021 cua thanh tra Chinh pha vé viéc thuc
hién phap luat vé quan ly s dung dét dai; hoat dong tham do, khai théc cat, so6i; quan ly
dau tu xay dung trén dia ban tinh Thira Thién Hué
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