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Tém tit

Trong bai bdo nay, viéc st dung cat nghién nhan tao ngudn gbc da voi dude nghién ciiu thay thé cat tu nhién
trong san xuat bé tong cip dd bén chiu nén B20. V6i muc dich danh gid kha ning thich ting ctia bé tong sif dung
cat nghién nhan tao vé6i hé thdng tiéu chuan thiét ké két ciu BTCT ctia Viét Nam, nghién ciu thyc nghiém dugc
phan tich dua trén céc thi nghiém bao gdm: (i) nén miu 1ap phuong x4c dinh cudng do chiu nén, (ii) nén mau
tru xdc dinh mo6 dun dan hdi, (iii) kéo tudt (Pull-out test) xac dinh Iuc dinh cbt thép-bé tong, (iv) nén miu cot
kich thudc 20 x 20 x 100 cm dén pha hoai. Két qua nghién ciiu bude dau cho thiy su mit &n dinh vé cudng do
chiu nén ctia bé tong sit dung cat nghién nhan tao & hai mic do: (i) mic do dat cudng d6 nén mau va (ii) miic
do giam manh cudng do nén cla bé tong khi chuyén tir miu nén 1ap phuong 15 x 15 x 15 cm sang méu céu
kién c6t BTCT chiu nén kich thuéc 20 x 20 x 100 cm.

Tir khod: cat nghién nhan tao; d4 voi; thi nghiém pull-out; cdt BTCT; nén doc truc.

EXPERIMENTAL RESEARCH TO ESTIMATE THE APPLICATION OF CRUSHED LIMESTONE SAND
FOR CONCRETE OF AXIAL LOADING R-C COLUMN

Abstract

In this paper, the artificial sand obtained by crushing limestone was investigated to replace the natural sand for
producing concrete of class B20. This research aimed to evaluate the adaptability of concrete using crushed
sand to the Vietnamese reinforced concrete structural design standards. Four series of experiments were con-
ducted: (i) compressive test of cube specimen to determine the compressive strength, (ii) compressive test of
cylinder specimen to determine the elasticity modulus, (iii) pull-out test to determine the bond strength between
concrete-reinforcement and, (iv) axial compressive test of reinforced concrete column with dimension of 20 X
20 x 100 cm. The obtained results show the instability of compressive strength of the crushed sand concrete.
This instability was observed on two scales: (i) first related to the compressive strength determination and (ii)
second related to the significant reduction of concrete compressive strength in comparison between 15 X 15 x
15 cm cube specimen and 20 X 20 x 100 cm reinforced concrete column sample.

Keywords: crushed sand; limestone; pull-out test; reinforced concrete column; axial loading.
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1. Dat van dé

S6 liéu théng ké tif cdc tinh, thanh phd cho thiy nhu ciu st dung cat xdy dung tai Viét Nam
khoéng 120-130 triéu m*/nim, nhu cAu cét san 1ip giai doan 2016 - 2020 14 2,1 dén 2,3 ty m>, trong
khi d6 du trit cat xdy dung va cat san 1ip dugc du bdo 2,1 ty m>. Du bdo ngudn cung cét ti nhién tir
cac khu vuc khai thac hop phép chi ddp ting dudc khoang 40 — 50% nhu cau [1]. Nhu vay, dén nim
2020, nudc ta khong dii ngudn cung cat xdy dung tu nhién phuc vu nhu ciu clia cic dia phuong. Mot
s6 tinh da xdy ra tinh trang khan hiém cat tu nhién va gid cét ting cao da tic dong khong nhd dén hoat
dong xay dung. Do d6, viéc nghién ciiu st dung thay thé cat tu nhién bang cat nghién nhén tao 1a mot
trong nhiing giai phap hiéu qua khong nhiing vé kinh té ma con c4 vé mdi trudng sinh thdi [2, 3].

Trén thé gi6i, nhiéu tiéu chuin da dugc ban hanh hudng dan cho viéc st dung cét nghién cho san
xuit bé tong, nhu cic tiéu chuin BS:882-1992 ctia Anh [4], P18-540 ctia Phap [5], ASTM C33-90
ctia My [6]. O mot sé nudc, noi ma cé nhu cau 16n vé st dung cdt nghién nhén tao thay thé din cat
tu nhién khai thac tlf cdc 1ong song, nhiéu nghién ciu da dudc tién hanh so sanh dé danh gid dic tinh
co hoc ctia bé tong sit dung cit nhan tao thay thé cat tu nhién. Nghién citu thuc nghiém ctia Sahu [7],
Ilangonava [8] d4nh gia cudng do chiu kéo, nén v md dun dan hdi clia bé tong sit dung cit nghién
c6 kha ning dat tSi gid tri tuong duong véi bé tong st dung cat ty nhién. Khi quan sét vi cu triic clia
cat nhan tao bang phuong phap chup 4nh bang kinh hién vi dién ti quét (SEM- Scanning electron
microscopy), Vijaya [9] chi rd bé mit g ghé v6i nhiéu géc nhon ctia cit nghién, v6i hinh dang hat
dai hon so v6i bé mit min va hinh déng ciu ctia ct tu nhién. Trang thdi bé mit nay clia c4t nghién
cho phép tao ra su lién két t6t giita bé mit hat cat v6i 16p da xi mang va su sap xép giita cac hat véi
nhau chit khit hon, do d6 c6 thé 1am gidm do rong trong bé tong. Tuy nhién, hinh ding dai géc canh
ctia hat cat nghién lai cho do bén hat thip va kha niing nit v& cao hon so véi cat tu nhién. Do d6, viéc
kiém sodt chit lugng ctia bé tong st dung cat nghién thay thé cat tu nhién phu thudc nhiéu vao day
chuyén nghién sang, tuyén cat nghién va chét lugng d4 gbc khai thac theo cic khu vuc khic nhau trén
thé gidi va trong tiing ving lanh thd.

Hién nay & nuéc ta, xu thé st dung cat nghién nhan tao thay thé cit tu nhién trong san xuét bé
tong dang nhan dudc su quan tdm 16n cia nha nude va cac dia phuong. TCVN 9205:2012 [10], TCVN
9382:2012 [11] da ban hanh céc yéu cau ky thuat, huéng dan viéc st dung cét nhan tao trong san xuét
bé tong va vita. Chit lugng ngudn gbc da nguyén khdi hay soéi nghién doc theo lanh thd Viét Nam
thay d6i da dang, do d6 4nh hudng dén chét lugng clia cit nhan tao & mdi viing. Nhiéu nghién ciiu
trong nudc da dudc tién hanh ddnh gia dic tinh co hoc clia bé tong st dung cét nhan tao thay thé cat
t nhién trong sdn xuit vita va bé tong, nham ddnh gi kha niing ting dung bé tong dim lin cho cic
cong trinh ha ting dudng giao thong va dap thity dién [12—17]. Tuy nhién, kha niing thay thé bé tong
thudng ctia bé tong st dung cat nhan tao trong thiét ké thi cong cu kién chiu luc nha cao tang BTCT
hién chua dudc 1am sdng to, kiém chiing su phu hop theo tiéu chuin thiét ké két ciu bé tong cbt thép
TCVN 5574:2018 [18]. Vi vay, viéc nghién cu ddnh gid kha ning st dung bé tong dung cat nghién
nhan tao tif da vdi trong linh vuc thiét ké thi cong nha cao ting BTCT sé 1a co sé hd trg cho céc ky su,
can bo dang nghién ctu va lam viéc trong linh vuc tu vén thiét ké, quan ly du 4n ciing nhu thi cong
cong trinh 12 rt can thiét. Trong ndi dung bai bao nay, cat nhan tao nghién tir d4 voi khai thac tai Ha
Nam dudc st dung phan tich nghién cuu.
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2. Nghién ciru thuc nghiém
2.1. Cdp phoi bé téng

V6i muc dich nghién ctiu kha ning dng dung cét nghién ngudn gbc da voi thay thé cit tu nhién
(cat vang) cho ciu kién chiu luc BTCT thong thudng, hai cAp phdi bé tdng dudgc thiét ké cho hai chiing
loai cat dam bao cip do bén B20, v6i do sut yéu cau SN = 4+2 cm. Thanh phan cip phdi dugc xac
dinh theo nguyén tic thé tich tuyét ddi theo phuong trinh sau [11, 19]:

£+ﬁ+£+2+A=IOOO (1)
Px PN PX PD

trong do, X, N,C, D la khoi lugng (kg) dung cia Xi mang, Nuéc, Cat va B4; py, pn, pc, Pp lan lugt
12 khdi luong riéng ctia Xi ming, Nu6c, Cat va D4; A 1a ham lugng bot khi trong hdn hop bé tong
(nghién ctiu chon s6 bd A = 1% - tuong tng 10 lit/m> bé tong).

Ty 1& d4 va hai loai cat tu nhién (CTN) va cat nghién nhén tao (CN) dudc xic dinh trén co s& thi
nghiém xdc dinh thanh phin hén hop hat c6t liéu hdp 1y ddm bao c6 su sap xép chit ché nhit, theo
phuong phap khdi lugng thé 1en chit 16n nhat. Hai cip phbi bé tong st dung trong nghién ctiu dudc
x4c dinh budc dau tai Vién Nghién cifu va iing dung Vit liéu X4y dung nhiét déi — trudng Pai hoc
Xay dung (Bang 1). Hai loai cAp phbi nay sau d6 dudc st dung trién khai nghién ctiu md rong sang
mo hinh ciu kién: (i) luc bam dinh thép-bé tong va (ii) ciu kién co6t BTCT chiu nén diing tam.

Bang 1. Thanh phan cip phbi hén hgp bé tong sii dung CTN va CN

- Loai Chp do bén Khdi lugng VL cho 1 m? bé tong (kg)
Bé tong chiu nén B Xi ming CTN CN P4 1x2 Nuéc
1 CTN 20 330 800 0 1050 185
2 CN 20 330 0 800 1050 220

2.2. Thi nghiém xdc dinh tinh chdt co ly ciia bé tong

Téng cong 30 mAu thi nghiém xac dinh cudng do chiu nén va mo dun dan hoi & cic thoi diém 7,
14 va 28 ngay tudi ctia bé tong st dung hai loai cat CTN va CN, trong d6: 24 mau 1ap phuong 15 x
15 X 15 cm xéc dinh cudng do chiu nén cho hai loai bé tong (Hinh 1), 6 mau tru 15 X 30 cm xé4c dinh
mo dun dan hdi cho hai loai bé tdng. Cac mau sau khi diic xong dudc ngadm nudc bio dudng trong
phong thi nghiém dén tudi thi nghiém.

2.3. Thi nghiém xdc dinh luc bdm dinh giita bé tong va cot thép

Mau thi nghiém xdc dinh luc dinh dudc thiét ké theo chi dan ctia Rilem 7-1I-128 [20]. Theo d6
mau thi nghiém dudc thiét ké gdm thanh thép @14 dudc neo mot doan dai SO = 7 cm trong mau bé
tong khéi 1ap phuong 15 x 15 x 15 cm (Hinh 2). Mot dau thanh thép d€ thira ra khéi mau bé tong
khoang 5 cm d€ do chuyén vi thanh thép khi thi nghiém. Phan dau kia ctia thanh thép dugc 16ng trong
dng nhya dé khong bam dinh véi bé tong. Thi nghiém luc dinh gitta bé tdng va cbt thép dudc xic dinh
& 28 ngay sau khi dic mau. Tong cong c6 6 mau cho thi nghiém cho hai loai bé tong.
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Hinh 1. Thi nghiém thif tinh chat hdn hop bé tong va diic mau khéi 1ap phuong 15 x 15 x 15 cm
xac dinh cudng d6 chiu nén

Hinh 2. MAu thi nghiém lyc dinh cbt thép vé6i khdi lap phuongl5 x 15 x 15 cm

2.4. Thi nghiém cot BTCT chiu nén diing tdm

Thi nghiém nén diing tim dudc thuc hién trén 4 mau cot BTCT, kich thuéc tiét dién 200 x 200 mm,
dai 1000 mm (2 méu st dung CTN, 2 miu sit dung CN). Cot BTCT thi nghiém dudgc thiét ké nhu
sau: cot doc 4014 dung thép CB300-V, cbt dai ®6a200 két hop al00 gia cudng dau cdt st dung thép
CB240T (Hinh 3). Méi cot dudc gan 4 sensor do bién dang: 2 sensor gan do bién dang cbt thép, dudc

Hinh 3. M4u ¢t BTCT thi nghiém kich thuée 200 x 200 mm, dai 1000 mm
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b tri cho 2 thanh c6t d6i dién; 2 sensor dugc dan trén bé mit bé tong, nam & giita cot va & hai mit
dbi dién nhau. C4c mau cot dic xong dugc bao dudng tusi nudc trong khudn dén ba ngay, sau dé thao
khuon dé trong khong khi phong thi nghiém LAS - XD125 cho gin gidng véi diéu kién thi cong thuc
té tai cong trudng.

Hinh 4. Lép dit thi nghiém nén diing tim cot 200 X 200 mm, dai 1000 mm

Hé thdng thiét bi 13p dit cho thi nghiém nén cot dudc thé hién nhu trong Hinh 4: (i) tai trong dudc
ki€m sodt qua LoadCell, v6i toc do gia tai trung binh 28+2 kN/s. Thi nghiém gia tai ding lai khi quan
sat thiy bé tong bung cot bi phd hoai tach ra kém hién tugng méit &n dinh cta cbt thép doc; (ii) 4 dau
doc bién dang dudc nbi truc tiép v6i may doc tu dong véi do do 10-6 mmy; (iii) gitta 2 dau cot dugc bd
tri tim dém cao su day 1,5 cm d€ ddm béo su truyén luc tdt ctia luc ép vao 2 mit phang dau cot.

3. Két qua va Thao luan
3.1. Cuong do chiu nén va M6 dun dan héi ciia bé tong

Sau khi ddc, cac mau dudc bao quan trong diéu kién khi hau trong phong thi nghiém va mau dugc
ngam nuéc bao dudng sau khi thdo khudn. Tai cac ngay tudi 7, 14 va 28 ngly, cc t6 mau 1ap phuong
va mau tru dudc nén x4c dinh cudng dd chiu nén va md dun dan hdi theo TCVN 3118:1993 va ASTM
C469/ C469M - 14el. Két qua thi nghiém dugc thé hién trong cac Hinh 5 va 6.

Tir Hinh 5 cho thiy, két qua thi nghiém ctia bé tong thudng st dung cét tu nhién CTN dat cip do
bén B20 & tudi 28 ngay theo nhu cap phdi thiét ké (thbg = 26,2 MPa so vdi gid tri thiét ké 25 MPa).
Tuy nhién v6i bé tong sit dung cat nghién nhan tao (CN), cudng do chiu nén trung binh & tudi 28 ngay
dat dugc 16n hon 157% so véi du kién (R = 39,3 MPa so véi gid tri thiét ké 25 MPa).

Su anh hudng ctia loai cat dén cudng do nén va mo dun dan hdi ciia bé tong con dudce quan sat 16
khi d6i chiéu hai hinh Hinh 5 va 6. Vé chi tiéu cuong d6, Hinh 5 cho thiy cudng do bé tong phat trién
nhanh trong 7 ngay dau, sau d6 giam dan sau 14 va 28 ngay. Tuy nhién trong Hinh 6, nhin thiy vé
chi tiéu do ciing (md dun dan hdi) ctia bé tong st dung cat nghién cho tdc do phat trién déu trong 14
ngay dau, sau d6 gidm dan dat 6n dinh tuong ddi & 28 ngay tudi. Diéu nay c6 thé do cudng do nén va
mo dun dan hoi & tudi sém phu thudc chii yéu vio cudng do bam dinh giita bé mit hat cbt liéu va 16p
d4 chét két dinh xi ming trong bé tong, con & tudi mudn céc tinh chét nay lai phu thudc chi yéu vao
cudng do 16p dd xi ming, cudng do bam dinh cbt lidu - xi ming va cudng do cbt liéu [21]. Trong bé
tong st dung cit nghién, cudng do bam dinh gitta hat cat va d4 xi ming cao hon va phat trién nhanh
hon so véi trong bé tong st dung cat tuy nhién.
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Hinh 5. Biéu d6 phat trién cudng do chiu nén trung binh theo thdi gian clia bé tong
stt dung cat ty nhién (CTN) va cit nghién nhan tao (CN)
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Hinh 6. Biéu d6 phat trién md dun dan hdi theo thdi gian ctia bé tong
st dung cat ty nhién (CTN) va cit nghién nhan tao (CN)

3.2. Luc bdm dinh giita bé téng va cot thép
Luc bam dinh trung binh giita bé tong va cdt thép dudc xéc dinh theo cong thic (2):

P

T= m (2)

trong d6 P 1a luc kéo (hodc nén) lam cbt thép tut ra khoi bé tong; ® 1a dudng kinh thanh thép, ® =
14 mm; [ 12 chiéu dai doan cbt thép neo trong bé tong, [ = 70 mm.

Quan hé giita luc kéo P tai trang thdi gy tudt thanh thép ra khoéi mau bé tong dudc thé hién trong
Hinh 7 va 8 cho hai loai bé tong nghién cifu. Két qua phan tich cho thiy luc bam dinh gitta cbt thép
va hai loai bé tong 13 khd tuong dong: vdi bé tong st dung cat nghién CN cho luc dinh cao hon so véi
bé tong cat ty nhién CTN khoang 6% (Bang 2). Diéu nay chiing té dic tinh bé mit nhdm rdp ciia CN
da 1am ting kha ning lién két bam dinh gitta 16p bé tong va bé mit thanh cbt thép.
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Luec kéo (kN)
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Hinh 8. Biéu d6 quan hé giita luc kéo va chuyén vi trugt thanh thép — bé tong st dung CN

Bang 2. Két qué do luc dinh gitta c6t thép — bé tong st dung CTN va CN

; Tén mau
Loai bé tong Ket qua
Ml M2 M3

CTN Luc kéo tut cbt thép, P (KN) 60,28 67,58 54,28
Luc bam dinh, 7, (MPa) 19,60 22,00 17,60
Luc bam dinh, 7, (MPa) 19,80

CN Luc kéo tut cbt thép, P (KN) 67,88 63,98 62,78
Luc bam dinh, 7; (MPa) (MPa) 22,10 20,80 20,40
Luc bam dinh, 7, (MPa) 21,10
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3.3. Thi nghiém cot BTCT chiu nén ding tdm
Két qua thi nghiém cho thiy, & trang thai gidi han vé& cudng dd, bé tong cot bi phd vd & giita cot.
Dong thdi sy phd hoai cho quan sat thiy trang thdi mit &n dinh ubn doc ctia cbt thép doc & gitta hai

cbt dai a200 (Hinh 9). Pay 12 trang thdi pha hoai nén diing tim ding theo Iy thuyét thuc nghiém [22].
Két qua thi nghiém do & trang thai gidi han pha hoai dugc tdng hgp thong ké trong Béng 3.

Hinh 9. Trang thdi phd hoai ctia cot khi chiu nén ding tAm — Miu dugc bé dai thép dinh cot

Bang 3. Két qua Iuc nén pha hoai cot BTCT st dung ciat CTN va CN

Luc nén phd hoai miu cot & tudi 28 ngay (T)

Loai bé tong

Mau 1 Mau 2 Trung binh
CTN 128,90 127,60 128,250
CN 107,36 116,75 112,055

140
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80

BT CTN-M1
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Tai trong (Téan)

60
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0 0,05 0.1 0,15 0.2
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Hinh 10. Biéu d6 so sanh quan hé giita ti trong va bién dang bé tong cot
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Quan sat dudng cong tai trong-bién dang trong hai Hinh 10 va 11 nhan théy: (i) bién dang ctia bé
tong va cot thép cho mdi mau cot 1a tuong dong nhau, thé hién su lam viéc dong thoi gitta hai vat ligu
va luc bam dinh dudc phat huy tdt trong qud trinh truyén luc gitta c6t thép va bé tong st dung hai
loai cat CTN va cat CN; (ii) Tai trang thdi pha hoai, bién dang nén clia bé tong cot dat gid tri tuong
ddng (Hinh 10). Cu thé bé tong bién dang co ngin 0,14+0,02% cho cot sit dung CTN, va bién co ngin
0,15+0,02% cho cot sit dung cat CN.

140

e

on Thép CTN-M1
g —&— Thép CTN-M2
& - — — Thép CN-M1

- -0 - Thép CN-M2

0 0.05 0.1 0.15 0.2 0.25
Bién dang co ngin (%)

Hinh 11. Biéu d6 so sdnh quan hé giiia tai trong va bién dang ct thép cot

Quan sat gia tri tai trong gidi han do tai trang thai cdt bi pha hoai cho hai loai bé tong, so sanh véi
gi4 tri tai thi nghiém gi6i han x4c dinh theo TCVN 5574:2018 [18] nhu néu trong Bing 4 nhan thiy:

- So véi gi4 tri gidi han xdc dinh theo tiéu chudn TCVN 5574:2018 [18] khi st dung cudng do vat
liéu x4c dinh truc tiép trén mau (bé tong, cbt thép), két qua thi nghiém xac dinh luc nén gidi han véi
trén mau cdt st dung bé tong cat nghién nhan tao cho gid tri nhd hon, thién vé thiéu an toan.

- So sanh gia tri lyc nén gidi han xac dinh theo thuc nghiém gitra hai loai bé tong st dung CTN
(128.3 T) va CN (112.1 T), d6i chiéu két qua nén miu theo xu huéng ngudc lai khi cudng dd nén
trung binh ctia bé tong st dung CN 16n gip 39,3/26,2 = 1,5 1an so v6i BT st dung CTN, nhan thiy su
suy giam manh vé cudng do chiu nén ctia bé tdng CN khi chuyén déi tir kich thuéc mau thi nghiém
(15 x 15 x 15 cm) sang kich thuéc chu kién. Su suy gidm nay c6 thé lién quan dén d6 dong nhit
clia mau cot va qua trinh bdo dudng [15], do d6 1am gidm mic do thiiy héa xi ming dinh két trong
bé tong.

Bang 4. So sanh két qua tai trong phd hoai thi nghiém nén cot BTCT st dung hai loai cat CTN va CN

Miu cot BICT Gidi han cl}ay Ll_I(i nep gidi han Luc nf:n gldl b6 /sal lech:h gitta
<it dun do dudc cua xac dinh theo han xac dinh thi nghiém so
ng cbt thép doc @14 TCVN 5574:2018 [18]  theo thi nghiém  véi tiéu chudn
Bé tong CTN 353 (MPa) 115 (T)* 128,3 (T) +12%
Bé tong CN 353 (MPa) 163 (T)* 112,1 (T) -30%

*Luyc nén gidi han xac dinh theo TCVN 5574:2018 [18] dudc xac dinh theo cong thiic: N, = ¢ (RpAp + Ry Ay ),
trong do: (i) ¢ = 0,925 cho cdt c6 L/h = 5 chiu tai trong tiic thdi; (i) nhdm danh gia tryc tiép su thay ddi cudng
dd nén mau khi chuyén sang kich thuéc cu kién, gia tri R, cho hai loai bé tong CTN va CN dudc ldy theo gid
tri cudng do chiu nén trung binh & 28 ngay tudi dugc x4c dinh & muc 3.1.
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4. Két luan

Nghién ciiu thuc nghiém d4nh gia kha ning thay thé cat tu nhién clia cat nhin tao nghién tir d4
voi da dat dugc mot s6 két qua nhu sau:

- K&t qua thi nghiém vé cudng do nén & 28 ngay tudi clia bé tong st dung cat nghién vugt 157%
so V6i gia tri thiét ké khi thiét ké cAp phdi cho bé tong B20 theo TCVN 9382:2012 [11]. Két qua do
cho thiy su bién dong 16n vé két qua thi nghiém trén mau thi 1ap phuong.

- Nghién ctiu thi nghiém trén cAu kién chiu nén, kich thuéc miu 20 x 20 x 100 cm khi so sanh
v6i mau bé tong cat tu nhién, nhin thiy c6 hién tugng suy gidm manh vé cudng do chiu nén cla bé
tong cat nghién khi chuyén tif mau thi nghiém 15 x 15 x 15 cm sang mau cdt kich thudc 20 x 20 x
100 cm. Két qua thi nghiém cho Iuc nén gi6i han thiéu an toan, giam 30% so vdi gia tri x4c dinh theo
tiéu chudn TCVN 5574:2018 [18]. Su suy gidm nay c6 thé dudc gidi thich bdi sy hit nudc manh clia
cat nghién trong bé tong cot, 1am anh hudng dén qu4 trinh thiy héa xi ming déng rin bé tong.

Két qua quan sit can dudc phan tich chuyén siu hon dé€ kiém ching, 1Am 16 mic do anh hudng
ctia tinh chét cta cét nghién, diéu kién ché tao, ché do bdo dudng mau kich thudc ciu kién dén su 6n
dinh dic tinh co 1y clia bé tong khi st dung cit nhan tao nghién tif nguon gbc da voi thay thé cho cat
tu nhién.

Ldi cam on

Tic gia chan thanh cam on su hd trg tai chinh ctia Trudng Pai hoc Xay dung cho dé tai “Nghién
clfu thuc nghiém danh gia kha ning chiu luc theo TTGH-I ctia cAu kién BTCT st dung cit nhan tao
thay thé cat tu nhién”, ma s6 29-2020/KHXD-TP. Nhém nghién cifu chin thanh giti 15i cdm on Phong
thi nghiém LAS - XD125 va Vién Nghién ctiu va Ung dung Vit liéu Xay dung Nhiét d6i — truong Dai
hoc Xay dung di hd trg tao diéu kién thi nghiém thuin 1di cho nghién ciu.
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