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Tém tit

Nghién ctru xtr ly vo ngao phé thai tir cac nha may ché bién ‘ngao xuét khéu 1a mot Viec lam hét strc cép bach,
giap nang cao gié tri kinh té cua vo ngao ddng thoi giai quyet dugc van d& nan giai vé méi trudng va sirc khoe
cong ddng. Viéc sir dung vo ngao nghién thay thé cho cdt liéu trong bé tong da dwoc nhiéu tac gia trén thé gidi
quan tdm nghién ctru. Trong nghién ctru ndy, vo ngao dugc nghién va thay thé mot phan cho cat tu nhién trong
cap phdi bé tong véi cac ti 1¢ 1an luot 1a 0%,12%, 25% va 50%. Cac thi nghiém xac dinh cic dic trung co ly
nhu cuong do chiu nén, cuorng d6 chiu kéo khi udn, mo dun dan hoi va 6 mai mon da duoc thyc hién déu cho
thiy mot su suy giam vé tinh chit co hoc cua cac mau bé tdng vo ngao so voi mau dbi chimg song van thoa
min cac yéu cau ky thuat dé ra theo céac tiéu chuan hién hanh. Didu nay chimg to bé tong vo ngao hoan toan co
tiém nang str dung lam mat dudng 6 to.

Tir khoa: bé tong vd ngao; 6t liéu min; cuong do co hoc; 46 mai mon; mat dudng 0 to.

EFFECT OF FINE AGGREGATES REPLACED RATIO ON TECHNICAL PROPERTIES OF CLAM SHELL
CONCRETE USED FOR ROAD SURFACE COURSE

Abstract

The research on the treatment of waste clam shells from seafood producing factory for exportation is a very
urgent theme, helping to improve the economic value of clam shells, also solving the problematic of environment
and publical health. The use of crushed clam shells to replace aggregates in concrete has been studied by many
researchers worldwide. In this study, clam shells were crushed and partially substituted for fine sand in the
concrete mixture with ratios of 0%, 12%, 25% and 50% respectively. The experiment specifying the physical
and mechanical properties such as compressive strength, flexural tensile strength, elastic modulus and abrasion
resistance, have been performed, showing a decrease in the mechanical properties of the clam shell concrete
specimens compared to the control specimens but they are still satisfied the technical requirements according
to the current standards. This argument proves that clam shell concrete has the potential to be used as a road
surface course.

Keywords: clam shells concrete; fine aggregate; mechanical properties; abrasion resistance; road surface course.
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1. Pit vin dé

Két qua diéu tra cua Tong cuc Thuy san [1] cho thay khu virc mién Béc va Béc Trung bd Thai Binh
c6 dién tich va san luong ngao nudi 16n nhat (1.984 ha, 30.130 tan) tiép theo 1a Nam Dinh (1.708 ha,
20.015 tan), Thanh Hoa (960 ha, 7.700 tin), Quang Ninh (1.271 ha, 5.123 tin), va Ha Tinh c6 dién
tich nudi va san lugng thip nhat trong céc tinh diéu tra (200 ha, 2800 tan). C6 84,1% s6 ho duoc dicu
tra ghi nhan da gdp it nhat 1 1an ngao nudi bi chét hang loat (c6 ty 1& chét > 30%). Hién tuong ngao
nudi bi chét hang loat thudng xay ra tir thing 2 dén thang 5 hang nim, nhimng thang khac trong nim
van c6 hién tugng nay nhung it xay ra hon. Pa s6 cac ho nudi cho rﬁng su thay ddi vé nhiét do (30,5%
s tra 161), 6 man (14,3% sb tra 16i), chat lugng nude kém (24,8% sb tra 10i) 1a nhitg nguyén nhan
chu yéu gay ra hién tuong ngao chét hang loat & nhiéu dia phuong trong thoi gian qua. Ngoai ra ngao
ciing c6 thé chét vi nhimg nguyén nhan khac nhu do bio [2] hodc do tran dau [3]. Viéc ngao chét hang
loat ngoai viéc khién nhidu ho nudi trong mét tring hang trim ty ddng ma con phat sinh thém cac hé
luy vé xir Iy rac thai gay 6 nhiém moi truong.

22V 2™ 1A RS0 .
(a) Khoang 500 dén 1000 tan ngao chét dat tring bd (b) Vi hon 60 ha ngao bi anh hudng, ngudi nudi ngao bi
bién Nam Dinh sau bdo Noru thang 09/2022 [2] thiét hai wdc tinh 22 ty ddng [3]

Hinh 1. Ngao chét hang loat thudng xuyén xay ra trén khép cac dia phuong

Hién trang ngao chét hang loat tai cac tinh ven bién dugce thé hién & trén Hinh 1 gdy thiét hai 16n
vé mit kinh té cling nhu tac dong xau dén stc khoe cong déng. Trong nhirng nim gan day, theo Louis
Deshoulieres [4], du an VECOP (Valoriser les ECOProduits) vé bé tong vo nhuy@n thé di duoc trién
khai tai truong ESTIC, thanh phd Caen (Phap), cho ra doi nhitng miu bé tong gach lat voi do rdng
cao, thoat nudc tt, c6 kha ning thay thé tir 30% dén 50% cdt liéu truyén thong véi gia thanh va chi
phi thdp hon. M6t nghién ciru cia Monita Olivia va cs. [5] cho thay viéc sir dung v6 nhuyén thé thay
thé cét lieu truyén théng lam cai thién dang ké cuong d6 chiu kéo va cuong do chiu udn cua bé tong,
trong khi cudng d6 chiu nén va moé dun dan héi lai phu thudc kha nhiéu vao kich thude hat. Kich
thudce hat cling anh hudéng 16n dén do thidm va kha nang hit nha nude cua vt ligu, theo nghién clru
ctia Uchechi G. Eziefula va cs. [6]. Vi dic diém 1a loai cdt liéu xanh, than thién véi moi truong, c6
kha ning tai tao, sir dung vo nhuyén thé néi chung va vo ngao néi riéng thay thé cdt liéu truyén thong
dugc xem la giai phap mang tinh bén vimg, gitip giam thiéu nguy co suy kiét tai nguyén do khai thac
c6t lidu xay dung qua murc. Nhidu chuyén gia kinh té ciing du bao rang Viét Nam trong tuong lai sé
thiéu hut lugng 16n cat xdy dung vi qua trinh c6ng nghiép hoa, hién dai hoa dién ra rat nhanh. Viéc
tan dung cac ngudn nguyén liéu tai chd mot mat gop phan da dang hoa cac chung loai san pham ct
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liéu xdy dung trén thi trudng, mat khac gitp ha gia thanh san pham ma van dam bao duoc chat luong
va cac yéu cau ki thuat.

Bén canh do, cong tac thi cong mat duong bé tong xi mang trong xay dung cong trinh glao thong
thuong doi héi mot hrong 16n cat tw nhién, von duoc van chuyén tir noi khac dén. Khi 4y, sir dung
vO ngao nghlen thay thé mot phan cat ty nhién dugc xem la giai phap rat tién loi, didc biét phu hop
v6i cac dia phuong ven bién hay ving hai déo xa x6i do tdn dung duoc ngudn nguyén liéu tai chd.
Céc yéu cau ky thuat cta bé tong dung lam 4o duong cimg trong thiét ké duong 6 t6 duoc quy dinh
trong tiéu chuan 22TCN223-95 [7] boi Bo Giao théng Van tai. Gan day, Tong cuc duong bo Viét
Nam c6 ban hanh quyét dinh 2231/QD-TCDBVN, trong d6 c6 ban hanh hai tiéu chuan co so TCCS
39:2022/TCBBVN [8] va TCCS 40:2022/TCDBVN [9]. Pay la nhiing chi dan k¥ thuat can thiét cho
cong tac thiét ké va thi cong mat duong bé tong xi ming trong cong trinh giao thong, duge tong hop
so sanh trong Bang 1.

Bang 1. Cac chi tiéu co hoc ddi véi bé tong xi ming ding lam mit dudng 6 to

Yéu cau ky thuat Tiéu chuidn

bai lugng , oA

TCCS 39:2022 TCCS 40:2022 22TCN223-95 thi nghiém
Cuong 460 fr > 5 MPa - duong fr > 5 MPa v6i mat fr > 5 MPa v6i mat TCVN
chiu kéo cao toc, duong cap I, duong BTXM duong duong BTXM dudng  3119:1993
khi uén & cap II va cac dudng cao tdc, cap I, cap II.  cép L. [10]
28 ngay cO quy mo giao thong fr > 4,5 MPa voi mat fr > 4,5 MPa véi mat
tudi (fr). ning, rat nang va cyc  dudng BTXM dudng  duong BTXM duong

nang. 0 to cép I tré xuéng. cép IL

fr > 4,5 MPa - Buong fr > 4 MPa vd6i mat

cac cap khac, cb duong BTXM duong

quy mod giao théng 6 t6 cap III tro xudng.

trung binh va nhe, co

xe nang truc don >

100 kN.

fr > 4,0 MPa - dudng

cac cap khac, co quy

md giao thong cap

nhe, khong c6 xe nang

véi truc don > 100 kN.
Cuong do - - Rn > 40 MPa véi mat TCVN
chiu nén duong BTXM duong 3118:1993
& 28 ngay cap I [11]
tudi (Rn). Rn > 35 MPa véi mit

duong BTXM duong
cap II.

Rn > 30 MPa véi mat
duong BTXM duodng
6 to cap III tro xudng.
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Yéu cau k¥ thuat Tiéu chun
bai luong . .
TCCS 39:2022 TCCS 40:2022 22TCN223-95 thi nghiém
Do sut - T 10mmdén40mm - TCVN
tuy vao cong nghé thi 3106:1993
cong. [12]
Do mai <0,3 g/em? v6i mat duong BTXM duong cao - TCVN
mon tbe, cap I, cap II, cap IIL 3114:1993
<0,6 g/cm2 vdi mat duong BTXM duong 6 to [13]

cép IV tré xudng.

Nhu vdy, muyc tiéu ciia nghién ctru nham ché tao dugc cac cap phdi bé tong sir dung vo ngao nghién
thay th¢ mot phan cat ty nhién, c6 kha nang théa man cac y€u cau ky thuat doi voi vt liéu st dung
lam mat dudng 6 to.

2. Phwong phap nghién ciru
2.1. Vat ligu ché tao
a. Ct ligu

Cbt liéu bao gdém cat, vo ngao nghién va da 5x10 dugc rira sach, phoi khé trudc khi d6 bé tong.
Cat dugc str dung trong dé tai nay 1a cat tu nhién séng Pa, kich thudc hat véi mé dun do 1én Mk =
2,5, khoi luong riéng 2,67 g/cm3. Bén canh do, v ngao Bén Tre dugc nghién nho voi kich thuéce hat

16n nhit lot qua mét sang 4,75 mm, dugc minh hoa nhu trén Hinh 2. Thanh phéan hat cia cat Song Pa
va vo ngao thoa man tiéu chudn ASTM C33 [14] dugc thé hién trén Hinh 4.

(a) Vo ngao dugc rira sach, phoi khé trude khi nghién (b) V6 ngao nghién c6 ¢& hat tir 0,15mm dén 4,75 mm
Hinh 2. Vat lidu vo ngao Bén Tre duoc lay tir ving nudi Giao Thily, Nam Binh
Trong nghién ctru ndy, thanh phin hoa hoc ciia vé ngao dugc phan tich bang phuong phap AQS
trén may quang pho nhiéu xa tia X (XRD) cho két qua thi nghiém dugc trinh bay trén Hinh 3, véi
phén tram ham lugng ctia CaO la cha dao, chiém ti 1€ 54,9%. trong khi cac hop chat khac nhu MgO,
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Na,0, SiO,, Fe;03, Al, 03 chi chiém ti 16 chwa dén 2%. Ham lugng mét khi nung (MKN) cta vé ngao
kha 16n, dat 42,87%.

Na20, 109, 0.60% | Fe203, 0.32%
' AI203, 0.18%

MgO, 0.18%

MKN (LOI),
42.87%

mSi02 mFe203 ®wAI203 =MKN(LOI) mCaO mMgO mNa20

Hinh 3. Thanh phan hoa hoc cua v6 ngao nghién

C6t liéu thod duge st dung trong ché tao bé tong la da 5x10 véi kich thudce hat 16n nhét lot qua
mat sang 12,5 mm, c6 ngudn gdc tir mo da Thanh Son, huyén Kim Bang, tinh Ha Nam.Thanh phan
hat ctia d4 5x10 thoa mén tiéu chudn ASTM C33, duoc thé hién trén Hinh 5.

100% - 100%
[ B 4
o )
0% - @ — ASTM C33 min 90% - ® — ASTM C33 min I»I
< 80% —& - ASTM C33 max P ~ 8% - &~ ASTM C33 max it
< 70% —e—DPéi chimg < 70% —e—Dii 5x10 i 1
o o
E 60% —e— 12%Ngao / §' 60%
‘_5_. 50% —@— 25%Ngao ’/ ‘_5. 50%
E —e— 50%Ngao 14 ]
T 40% ’ S 40%
= ’ =z
< 30% <3 30%
s 20% A 20%
10% 10%
0% 0%
0.01 0.1 1 10 100
Kich thwéc mat sang (mm) Kich thwéc mat sang (mm)
Hinh 4. Thanh phan hat cua cot li¢u min Hinh 5. Thanh phan hat cua da 5x10

b. Xi Mang va phu gia khoang

Xi méing ding trong dé tai 1a loai PC40 ciia But Son theo TCVN 2682-2009 [15] va ASTM C595
[16], c6 khdi luong riéng bang 3100 kg/m?, cuong do chiu nén 28 ngay tudi 1a 49,1 MPa. Tro bay loai
F duoc lay tir nha may nhiét dién Na Duong. Cac chi tiéu k¥ thuat cta xi mang va tro bay dugc thé
hién trong Bang 2.

127



Quan, T. S., va cs. / Tap chi Khoa hoc Cong nghé¢ Xay dung

Bang 2. Thanh phan hoa hoc cua xi ming Vicem PC40 va tro bay Na Duong

Thanh ph?ll’l (%) Si02 A1203 F6203 CaO MgO SOg NazO KZO CaO tu do

Vicem PC40 21,65 5,25 342 650 0,06 1,80 025 0,72 0,125
Tro bay Na Duong 53,9 21,8 6,7 427 145 02 0,67 34 4,27

¢. Phu gia héa hoc

Nghién ctru str dung phu gia siéu déo SikaPlast®-394 gbc Polycarboxylate thoa man ASTM C494
loai D & G.

d. Nudc

Nude dung ding ché tao bé tong truyén thdng 1a nudce sinh hoat. Nudc duge ding phai 1a nudc
sach theo TCXDVN 302:2004 [17].

2.2. Thiét ké thanh phan bé téng

Bén loai bé tong duogc ché tao st dung Kkét hop xi mang, ¢6t liéu min, cbt liéu tho, tro bay va phu
gia siéu déo véi ty 1& Nudc/Chat két dinh (N/CKD) = 0,36 trong d6 thanh phan bé tong ddi chimg (0%
v6 ngao nghién) duoc tinh toan thiét ké v&i cuong d6 muc tiéu C50 theo tiéu chuan ACI 211.4R-08
[18], co két hop vai diéu chinh b::ing thuc nghiém. Trong nghién ctru hién tai, chi thé tich cat trong
céc cap phdi duoc thay thé timg phan boi vo ngao nghién véi ham luong thay thé 1an lugt 14 0%, 12%,
25% va 50% trong khi cac thanh phan khac nhu xi mang, tro bay, cdt liéu tho duoc giit nguyén. Cach
lam nay cho phép danh gia tac dong ciia vo ngao nghién dén cac tinh chat co hoc ciia bé tong khi thay
thé mot phan vai trd cia cdt liéu min. Thanh phan hdn hop cac loai bé tong dugc trinh bay ¢ Bang 3.

Béng 3. Thanh phan phdi tron cia cac cip phdi bé tong

Vit liéu Pon vi Déi chung 12% Vé ngao 25% Vb ngao 50% Vo ngao
Ximang kg 454,5 454,5 454.5 454,5
Cat kho kg 635,7 559,4 476,8 317,8
ba kho kg 1040 1040 1040 1040
Vo ngao kg 0,0 77,4 161,3 322.,6
Nude lit 196,4 201,1 206,1 215,8
Tro bay (F) kg 80,2 80,2 80,2 80,2
Phu gia lit 5,6 5,6 5,6 5,6

Sau khi tinh toan so bd thanh phz‘”in hdn hop co s thi lwgng nude duoc diéu chinh theo do 4m cdt
li€u thay thé va lugng phu gia siéu déo dugc dicu chinh sao cho dd sut cua cac mé trdn do6i ching la
542 cm.

2.3. Cong tac thi nghiém

Cong tac thi nghiém dugc thyc hién tai LAS-XD 03, Vién Chuyén nganh B€ tong tryc thudc Vién
Khoa hoc Coéng nghé Xay dung (IBST). Céc thanh phan hdn hgp trong bé tong vo ngao duge duoc
tron voi tong thoi gian 8 phut. Cat Song Pa, vo ngao nghién va cac thanh phan chat két dinh nhu xi
ming But Son, tro bay dugc tron kho trong vong 2 pht. Tiép theo, cho 70% lwong nudc vao va tiép
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tuc tron trong 2 phit. Cudi cing cho phu gia siéu déo vao 30% nude con lai, cho vao hdn hop bé tong
va trdn trong vong 4 phut dé ket thic qua trinh tron.

Hinh 6. Cong tac ché tao mau thi nghiém

Do sut va khéi luong thé tich khi w6t duge xac dinh song song voi qua trinh dac mau, duogc thé
hién trén Hinh 6. C4c mAu hinh tru tron duge ché tao véi kich thude 150x300 mm tuén theo tiéu chuin
ASTM C39 [19] va ASTM C469 [20] phuc vu cho thi nghi¢m x&c dinh cuwong d6 chiu nén & cac ngay
tudi khac nhau va mé dun dan hdi & 28 ngay tudi. Tong s6 mau hinh try 13 72 miu. Mau thir hinh 1ap
phuong mdi canh 70 mm duoc chudn bj dé tién hanh thi nghiém danh gia d6 mai mon & 28 ngay tudi,
v6i s6 lugng 12 mau. Quy trinh thi nghiém tuan theo tiéu chuan TCVN 3114-1993 [13]. Bén canh do,
thi nghiém udn bén diém trén 12 mau hinh hop chir nhat c¢6 kich thude 100x100x400 mm cho phép
xéc dinh cudng d6 chiu kéo khi uén. Cac budc thi nghiém thoa man tiéu chudn ASTM C78-02 [21].
Cong tac thi nghiém xac dinh cac didc tinh k¥ thuat cta bé tong vo ngao dugc thé hién trén Hinh 7.

(a) Cac miu thi nghiém sau khinén  (b) Thi nghiém xac dinh cuéng &6  (c) Thi nghiém moé  (d) Thi nghiém danh
chiu kéo khi uén dun dan héi tinh gi4 49 mai mon

Hinh 7. Mot vai hinh anh vé cong tac thyc nghiém

3. Két qua va thao luin

O trang thai ban dau, cac mé tron c6 khéi lugng thé tich dao dong tir 2395 kg/m® dén 2414 kg/m?
va d0 sut dao dong tir 35 mm dén 50 mm. Su c6 mit cta vo ngao lam giam nhe khéi lugng riéng cling
nhu d6 sut cia mé tron. Pidu nay dugc giai thich do su khac biét vé trang thai bé mat va khdi luong
riéng cdt liu giira vo ngao nghién va cat tw nhién. O trang thai dong ran, cac tinh chit co hoc cta bé
tong duoc danh gia, kiém dinh thong qua cac thi nghiém dugc trinh bay nhu sau:
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3.1. Cwong do chiu nén
Cuong do chiu nén duoc xac dinh tai 3, 7, 14, 21 va 28 ngay tudi. Cach tinh cuong do chiu nén
tuan theo hudng dan cua tiéu chuan TCVN 3118:1993 [11], bang gia tri trung binh cong cuong do ba
vién mau trong t6 néu gia tri 16n nhat va nho nhit trong ba gia tri cuong do vién mau khong léch qua
15% so véi gia tri cudng dd vién con lai. Két qua thi nghi€ém cudng dd nén trung binh tai cac ngay
tudi khac nhau ciia cac mau bé tong duoc trinh bay trén Hinh 8 va Hinh 9.

60

16%
50 S 14%
~ o
5 " £ 12%
= =
<) £ 10% —8— 12%Ngao —@—25%Ngao —@— 50%Ngao
= 3
g v =
= 30 Déi ching - 8%
g. 20 12%Ngao :§ 6%
) 25%Ngao 2 4%
§ " ——50%Ngao g 20
s} 5 Nga o 2 ()
0 0%
0 7 14 21 28 35 0 7 14 21 28 35
Thoi gian dwong ho(Ngay) Thoi gian dwong ho (ngay)
Hinh 8. Cuong do chiu nén theo thoi gian Hinh 9. Mt d6 giam cuong d chiu nén so voi mau

dbi ching

Cudng do chiu nén cua cic mau ting dan theo thoi gian, dao dong tir 49 MPa dén 57 MPa ¢ 28
ngdy tudi. So v&i mau ddi chimg, mic giam it nhat xdy ra trén cic mau véi 12% vo ngao thay thé.
Déi véi truong hop 25% va 50% vo ngao thay thé, mirc do giam cuong d6 dao dong quanh ngudng
7% va 14%.

3.2. M6 dun dan hoi khi nén tinh

9%
35000 33764 32680 S %
%ﬂ 7%
I~ =
= 30000 2 o
S =
_:" “’g 5%
~«© 25000 =
—E ’(E 400
g =
2 20000 2 %
= 2 2%
«© =
- g
~ 15000 S 1%
o
0%
10000 0%  10%  20%  30%  40%  50%  60%
mD6i chitng W12%Ngao W25%Ngao W 50%Ngao Ham lrong vo ngao ngllién thay thé (%)
Hinh 10. Gia tri trung binh cia mé dun dan hoi Hinh 11. Mtrc 46 suy giam mé dun dan hoéi so véi mau

dbi ching

Két qua thi nghiém cho thdy mé dun dan hdi ¢ 28 ngay tudi cua tit ca cac mau ddi ching dao dong
trong khoang tir 28 GPa dén 39 GPa, con ciia cac miu bé tong vo ngao tir 22 GPa dén 36 GPa, dugc
thé hién trén Hinh 10 va Hinh 11. Vi mdi miu thi nghiém, mo dun dan hdi dugc xac dinh théng qua
ba diém do, dua trén mbi quan hé ing suat-bién dang khi gia tai va d& tai trong gi6i han dan hdi. Cap
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tai trong 16n nhét tac dung 1én mau do dugc 14y bang 30% tai trong gdy pha hoai mau.Nhin chung su
c6 mat cia vd ngao nghién thay thé cat tu nhién lam suy gidm dang ké mo dun dan hoi, ti 1€ nghich
véi ham lugng thay thé véi mirc suy giam cuc dai 8% ung véi cac mau ¢6 ham lugng thay thé 50%.

3.3. Cuong do chiu kéo khi uon

Gia tri trung binh cuong do chiu kéo khi udn cua bdn t6 mdi td ba mau tuong ung voi bdn loai
bé tong dugc thé hién trén Hinh 12. Tuong tg nhu mo6 dun dan hoi hay cuong do chiu nén, khi tang
ham lugng vé ngao, mot sy suy giam cuong do chiu kéo khi uén dugc quan sat thiy trén cic mau thi
nghiém. Ung suét kéo gay pha hoai mau bién thién tir 8,1 MPa dén 8,9 MPa véi cac mau dbi ching
va tir 6,7 MPa dén 8,5 MPa dbi v6i cdc miu c6 chira vé ngao nghién. Miic ting trung binh manh nhat
9% duoc ghi nhan tng véi ham lugng thay thé 50%, duoc thé hién trén Hinh 13.
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Hinh 12. Gi4 tri trung binh cta cuong do chiu kéo  Hinh 13. Mirc do suy giam cudng do chiu kéo khi ubn
khi uon s0 v6i mau ddi ching

3.4. P9 bén mai mon

Mot nghién ctru ctia Neville (2012) [22] da chi ra mbi quan hé ti 1¢ thudn giita d6 bén mai mon va
cuong d6 chiu nén ctia bé tong. Pay ciing 1 tham sb mang tinh quyét dinh dén sirc khang mai mon
ctia bé tong. Ngoai ra, d nham cuia bé mat va cdu trac cua d4 xi mang ciing anh hudng 16n dén do
mai mon. Nhu di biét, theo thang bac do cliing Mohs [23], viéc sir dung v6 ngao nghién véi thanh
phan khoang chii dao 1a Ca0, c6 do cimg thdp hon so vé6i cat ty nhién voi thanh phan khoang chinh 1a
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Si0,. V& mit tong thé, bé tong vo ngao s& co d6 chdng mai mon kém hon so véi bé tong thudng khi
6 cing cap cuong do, thé hién trén dd thi Hinh 15. Diéu nay giai thich cho viéc ting d6 mai mon cua
bé téng vo ngao so v4i bé tong thuong, dugc tong hop trén dd thi Hinh 14.

Nhin chung, su sut giam cac dic trung co hoc so vi mau ddi chirng, dugc quan sat rd nét nhét
v6i trudng hop c6 ti 16 thay thé 16n nhit 50%,. Trong s6 cac dai lugng xem xét, md dun dan hoi sut
giam it nhét v&i 8%, dat gia tri trung binh 31 GPa, ké dén 1a cudng do chiu kéo khi udn giam 9%, dat
trén 7 MPa thoa man yéu cau déi voi dudng tir cap II tré 1én, cuong do chiu nén trung binh & tudi 28
ngay giam 14% dat trén 45 MPa thoa man yéu cau d6i v6i dudng cip I va d6 mai mon ting 68%, ing
v6i gia tri 0,25 g/cm?, thoa man yéu ciu ky thuat voi mat duong tir cp 111 tro 1én.

4. Két ludn

Mic du xuét hién sy suy giam céc tinh chit co hoc khi st dung vo ngao nghién thay thé timg phan
cat ty nhién nhung ca bon thanh phan cap phdi voi ham luong thay thé 0%, 12%, 25% va 50% vé co
ban déu dap ing duogc cac yéu cau ki thuat dbi voi bé tong xi mang lam mit duong 6 t6 theo tiéu
chuan hién hanh, cu thé 1a mat duong tir cap 111 tré 1én. Dé c6 thé ing dung loai bé tong ndy vao thuc
tién san xuét, rat cin c6 thém nhitng thi nghiém danh gia vé mat do bén, ch:flng han nhu x4c dinh hé sb
thdm ndi tai cua vat lidu thong qua mo6 hinh thi nghiém xac dinh do tham khi cia bé tong, dugc trinh
bay trong nghién ctru ciia S.Q. Tu [24], hay x4c dinh d6 thdm nudc bang thi nghiém tiéu chuan theo
chi dan cua TCVN 3113:1993, TCVN 3116:2007 hay TCVN 8219:2009 [25-27].

Bén canh dé, can thiét 1ap duoc day chuyén san xut vat liéu & quy mo cong nghlep, bao gém cac
cong doan nhu lam sach vo ngao, sdy kho, nghién & cac ¢ hat theo yéu cau cép ph01 dong goi, bao
quan va van chuyén dén chan cong trinh. Pay ciing chinh 1a hudng nghién ctru tiép theo cua bai bao.

Lo1i cam on

Nghién ctru nay duoc tai trg bai Truong Pai hoc Giao théng Van tai (PH GTVT) trong dé tai ma
s6 T2023-XD-002TD.

Nhom tac gia xin chan thanh cdm on céc k¥ thuat vién, thi nghi¢m vién LAS-XD 03, Vién Chuyén
nganh Bé tong (IBST) vé su hd trg quy bau trong qué trinh thuc hién nghién ctru.
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