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NGHIEN CUU DU POAN CUONG PQ CHIU NEN CUA BE TONG
BOT HOAT TiNH BANG CAC PHUONG PHAP KHONG PHA HUY

L& Thi Thanh Tam', Nguyén Viin Diing', Pham Hiru Khai?
TOM TAT

Bai bdo nghién ciru sir dung cdc két qua thi nghiém khéng pha hity dé d dodn cuong
do chiu nén cua bé tong bot hoat tinh. Cac madu bé tong bot hoat tinh duoc tao thanh tw xi
mang, silica fume, tro bay hodc xi hat lo cao nghién min véi cot liéu 1a cat hat rat min. Van
toc truyén xung siéu am va do bdt ndy cia cdc ma-u bé tong dwge xdc dinh bang cdc phwong
phdp khong pha huy, sau do cu"ong d¢ chiu nén thuc té ciia bé téng dwoc xdc dmh thong qua
thi nghiém nén mau. Duwa vao moi Zlen hé giita vian toc truyen xung siéu am, tri s6 bt ndy va
cwong do chiu nén thuc té ciia cdc mau bé tong, bang tra cueong dé chiu nén ciia bé tong bot
hoat tinh dwoc xdy dung. Két qua nghién civu cho thdy, sir dung két hop gid tri vén toc truyén
xung siéu am va d bt ndy cho két qua dir dodn cwong dg chiu nén cia bé tong cé dg chinh
xac cao hon so voi chi sir dung mot minh gia tri van téc truyén xung siéu am hodc do bat ncfy.

Tir khoa: Bé t6ng bt hoat tinh, cueong dg chiu nén, van toc truyén xung siéu am, sing
bat nay, phwong phdp khong pha huy.

1. PAT VAN BE

Bé tong bot hoat tinh 1a loai bé tong st dung cac loai vat liéu ¢6 hat min va c6 d6 hoat
tinh cao c¢6 thé tham gia cac phan ing héa hoc trong qué trinh thuy héa. Vi vy bé tong bot
hoat tinh c6 cudng do chiu luc, kha ning chdng chay va chong lai cac tac dong x4u tir moi
truong bén ngoai 16n hon dang ké so v4i bé tong thong thuong [1][2][3]. Tuy nhién, dé san
xudt bé tong bot hoat tinh can phai sir dung ham lwong 16n xi mang va silica fume, dan t&i
gia thanh cao, lugng nhiét sinh ra trong qua trinh phan tng thiy hoa 16n 1lam tang d6 co ngot
clia bé tong [4]. P& han ché cac nhuoc diém nady, cac nghién ciru trude da st dung tro bay,
xi thép, hodc két hop ca tro bay va xi thép nhdm giam ham luong xi mang trong thanh phan
cAp phdi cua bé tong. O Viét Nam, Nguyén Cong Thing va cac cong su (2013) da sir dung
két hop tro bay va silica fume dé ché tao bé tong v6i chat lwong siéu cao, két qua nghién ciru
chi ra rang viéc str dung tro bay va silica fume 1am chat két dinh cai thién ddng ké tinh cong
tac va 1am tang cuong d6 nén cua bé tong. Nghién ciru clia Peng va cac cong su (2015) vé
bé tong bot hoat tinh sir dung chit két dinh 13 xi mang, silica fume va bot xi thai phét pho
cho thay cudng do chiu nén & 7 ngay tudi ciia tat ca cac mau bé tong bot hoat tinh trong
nghién ctru déu 16n hon 150 MPa, cao nhat dat t&i 190,3 MPa. Mot nghién ctru khac cua
Widodo va céac cong su (2015) st dung xi méang, silica fume, bot thiy tinh tai ché va soi
thép trong thanh phan cta bé tong bot hoat tinh. Cac mau bé téng bot hoat tinh trong nghién
ctru déu c¢6 cuong do chiu nén rat 16n, dat téi 136 MPa.
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Trén thé gidi dd c6 nhiéu nghién ctru st dung van tdc truyén xung siéu 4m lam thude
do cudng dd chiu nén ciia bé tong do nhitng wru diém rd rang ctia phuong phép khong phé
huy. Ramazan va cc cong sy (2004) tim hiéu vé méi quan hé giita van tdc truyén xung siéu
am va cudng do chiu nén cta bé téng st dung phu gia khoang khéi luong 16n. Nghién ctru
chi ra ring mdi quan hé gifta van tdc truyén xung siéu 4m va cudng dd nén cia bé tong 1a
theo cép sb nhén, tuy nhién cc hing s6 1 khac nhau giira cic loai phu gia khoang va thay
d6i theo ham lugng phu gia khoang thay thé xi mang. Bogas va céc cong su (2013) da
nghién ctru mdi quan hé giita cudng d6 chiu nén ciia bé tong nhe va van tdc truyén xung
siéu am. Dya trén sy phu thudc cia van tde truyén xung siéu am vao mat d¢ va do dan hdi
ctia bé tong, mot biéu thirc duge dé xudt dé uée tinh cudng d6 chiu nén cuiia bé tong nhe
duya trén van toc truyén xung siéu am xac dinh dugc. Mot nghién ctru khac cua Saman va
Daniel (2020) vé quan hé giira cuong d6 chiu nén va van téc truyén xung siéu 4m ciia bé
téng cot soi véi cac loai cbt sgi khac nhau: soi thép, s¢i thuy tinh va soi nylon. Nghién ctru
da dua ra dugc méi quan hé giita van toc truyén xung siéu am vdi cuong d6 chiu nén cua
cédc mau bé tong ¢t sgi bao gdm ca su thay ddi trong ty 1& nude/chat két dinh.

Viée sir dung minh phuong phap do van tc truyén xung siéu am dé du doan cuong do
chiu nén cua bé tong cho két qua sai 1éch so vdi thuc té twong déi 16n. Chinh vi vay, Tiéu chuan
qudc gia Viét Nam (TCVN 9335-2012) [11] da sir dung két hop phuong phap do véan toc truyén
xung siéu 4m va siing bat ndy dé xac dinh cuong do chiu nén ctia bé tong. Tuy nhién, tiéu chuan
nay chi ap dung duoc cho bé tong thong thuong véi cuong do nhd hon 35 MPa. Vi bé tong
bot hoat tinh, cudng do thudng 16n hon nhiéu so véi bé tong théng thudng, do vy viée st
dung cac phuong phap khong pha huy dé du doan cudng d6 chiu nén ciia bé tong bot hoat
tinh 1a can thiét, c6 y nghia khoa hoc va thuc tién. Bai bao nay trinh bay két qua nghién ciru
st dung két hop phuong phép do van tdc truyén xung siéu 4m va sung bat ndy dé du doan
cuong do chiu nén cua bé tong bot hoat tinh.

2. PHUONG PHAP NGHIEN CUU

2.1. Phwong phap xiy dung mdi quan hé giira cwong dd chiu nén véi van toc
truyén xung siéu Am va d¢ bat nay

St dung phuong phap quy hdi dé xay dung méi quan hé gitta cwong d6 chiu nén vdi
gia tri van tdc truyén xung siéu am va do bat néy. 26 mau bé tong bot hoat tinh dugc thiét
ké v6i ty 1& nude/chat két dinh bang 0,16+0,24 va c6 ké dén sy thay ddi cua ham lugng tro
bay va xi 10 cao nghién min. Tai 28 ngdy tudi, truéc khi nén, cac mau bé tong nay dugc thi
nghiém dé xac dinh gia tri van tdc truyén xung si€éu am va do bat néy, sau d6 dem nén mau
dé xac dinh gia tri cudng do chiu nén. Tir d6 xdy dung cic mdi quan hé giita cuong do chiu
nén véi van toc truyén xung si€u am, cuong do chiu nén voi do bat néy, cuong do chiu nén
v6i ca van toc truyén xung siéu am va do bat nay. Cu thé, cic bude chuan bj vat liéu, thiét
ké thanh phan cap phdi, chuan bi mau va phuong phap thi nghiém dugc trinh bay & cac phan
sau. Cac mau vat liéu con thira sau khi dtic 26 mau thi nghiém trén dugc st dung dé dtc 12
mAau ngau nhién dung dé kiém chimg phwong phap du doén cudng do chiu nén dua trén sy
két hop cua vén tdc truyén xung siéu 4m va do bat ndy.
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2.2. Chuén bi miu va phwong phap thi nghiém

Bé tong bot hoat tinh trong nghién ctru dugc tao thanh tir xi mang Nghi Son PCB40,
silica fume loai AC Micro SF90, tro bay Iy tir nha may nhiét dién Nghi Son, xi hat 16 cao
nghién min S95 cua tap doan Hoa Phat, cat min, nudc va phu gia siéu déo. Khéi luong riéng
ctia xi mang, silica fume, tro bay va xi hat 16 cao nghién min duoc sir dung trong nghién ciru
lan luot 1a: 3,12; 2,21; 2,19 va 2,82 tin/m’. Thanh phﬁn héa hoc cia chung dugc trinh bay trong
bang 1. Cat min str dung dé lam cét 1idu nho trong nghién ctru thu duoc bang cich sang cat
vang tu nhién mua trén thi truong, loai bd céc ¢& hat nam trén sang 0,63mm va nim dudi sang
0,14 mm, chi sir dung cat rat min c¢6 ¢& hat nim gitta hai c& sang 0,14 mm va 0,63 mm. Cac
tinh chat cia n6 bao gdom: khéi lugng riéng 2,63 tin/m’; d6 4m 4,35%:; va do hut nude 0,28%.

Bang 1. Thanh phan héa hoc ciia xi ming, silica fume, tro bay va xi hat 16 cao nghién min

Thanh phin Luong
P Si0y |ALOs |Fe03 |CaO  |MgO |SOs |K20 [NaxO mit khi

(% theo khoi lugng)
nung
Xi mang 2230 | 6,68 | 4,73 | 5545 | 2,40 | 1,28 | 0,74 | 0,56 | 0,45
Silica fume 70,1 | 21,98 | 1,02 | 0,44 | 1,86 | 0,07 | 3,19 | 0,3 | 0,12
Tro bay 5573 | 21,67 | 6,58 | 1,06 | 2,17 | 0,01 | 2,07 | 0,22 | 6,9
Xi lbcaonghiénmin 36,87 | 12,38 0 30,73 | 14,8 { 0,41 10,92 | 0,3 | 0,38

Thanh phin cac mau bé tong bot hoat tinh trong nghién ciru nay dugc trinh bay trong
bang 2. Cac miu bé tong duoc danh s6 ki hidu tir M1 dén M26 dé kiém soat chat luong. Luu
y rang, vat liéu con thira sau khi duc 26 mau trén duge tron 1an dé duc thém 12 mau khac
ding dé kiém chung phwong phap dé xuét, 12 mau nay duoc ky hiéu tir K1 dén K12.

Viéc duc cac miu bé tong bot hoat tinh va thuc hién cac thi nghiém dugc tién hanh tai
Xuong thuc hanh, khoa K§ thuit Cong nghé, Truong Pai hoc Hong Pic. St dung mdy tron
vita dé tron hon hop vt liéu ding dé diic mau bé tong bot hoat tinh. Dau tién cho hdn hop chat
két dinh gdm xi mang, silica fume, tro bay hodc xi hat 16 cao nghién min véo cdi tron, tron déu
v6i ché do trung binh trong khoang 1-2 phut, tiép dé cho cat min vao tron tiép cung vdi hdon
hop chat két dinh trong 2 phut tiép theo. Cudi cung cho nudc da hoa phu gia siéu déo vao tron
véi toe do tix trung binh dén cao cho dén khi thu dugc hdn hop bé tong bdt hoat tinh déng nhét.
Tién hanh dtc tao miu bé tong bot hoat tinh biang cach rot hdn hop bé tong vao khuoén hinh
tru tron cé dudng kinh 100 mm, cao 200 mm. Cac mau bé tong bot hoat tinh dwoc 14y ra khoi
khuédn sau 24h ké tir khi duic va dugc ngdm bao dudng trong bé ngdm mau ¢ diéu kién thuong
cho dén khi tién hanh thi nghiém (Hinh 1). Dén ngay thi nghiém (28 ngay tudi), cac mau s&
duoc vt ra, lau kho bé mat va tién hanh céc thi nghiém can thiét, bao gém: thi nghiém xac
dinh van toc truyén xung siéu 4m, thi nghiém xéc dinh tri s§ bat niy va thi nghiém nén xéc
dinh cuong d6. Van tdc truyén xung siéu 4m ciia mau bé tong bot hoat tinh duge thuc hién
theo tiéu chuan ASTM C597 [12], bang thiét bi chuyén dung MATEST C369. Sir dung stiing
bat ndy bé tong MATEST C380 dé x4c dinh tri s6 bat nay ciia mau bé tong bot hoat tinh. Cudi
cung tién hanh nén mau bé téng bing may nén Control 300 tin dé x4c dinh cudng d6 chiu nén.
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Bang 2. Thanh phin bé tong bt hoat tinh thiét ké (kg/m?)

Ten Thanh phan cap phdi (Kg/m?)
TT x Xi Silica Tro Xi 16 cao Cat , Phu gia
mau . S . Nudce A 1a
mang fume bay nghién min min siéu déo
1 Ml 858 214 0 0 1072 | 171 55
2 M2 716 210 126 0 1053 | 168 55
3 M3 580 207 248 0 1036 | 165 54
4 M4 448 204 367 0 1019 | 163 52
5 M5 322 201 438 0 1006 | 161 47
6 M6 844 211 0 0 1055 | 212 24
7 M7 706 207 124 0 1039 | 207 22
8 M8 572 204 245 0 1021 | 204 22
9 M9 442 201 362 0 1006 | 201 20
10 | M10 317 198 475 0 990 198 19
11| M1l 815 204 0 0 1019 | 244 16
12 | M12 858 214 0 0 1072 | 171 55
13 | M13 716 210 0 126 1053 | 168 55
14 | Ml14 580 207 0 248 1036 | 165 54
15 | MI15 446 203 0 365 1015 | 162 57
16 | Ml6 319 199 0 478 997 159 57
17 | M17 843 210 0 0 1054 | 210 26
18 | MI18 705 207 0 124 1037 | 207 24
19 | M19 571 204 0 244 1019 | 204 24
20 | M20 440 200 0 360 1001 | 200 26
21 | M2l 315 197 0 472 984 197 26
22 | M22 817 204 0 0 1021 | 245 14
23 | M23 683 201 0 120 1005 | 241 13
24 | M24 553 197 0 237 988 237 14
25 | M25 428 194 0 350 973 233 12
26 | M26 307 192 0 460 959 230 11
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Hinh 1. Cdc miu bé tong bt hoat tinh

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Xay dung biéu dd quan hé giira van toc truyén xung siéu am (UPV) va cuong
d¢ chiu nén (R)

Gié tri UPV ctia cic mau bé téng bot hoat tinh thay doi tir 4168 dén 4543 m/s, trong
khi cuong d6 chiu nén cia cic mau thay doi tir 40 - 112,7 MPa. Biéu dd quan hé giita van
tdc truyén xung siéu 4m ctia mau bé tdng bot hoat tinh véi cudng do chiu nén dugc thé hién
& hinh 2. Sir dung phin mém hd trg tinh toan dé xay dung quan hé giita van tc truyén xung
siéu am va cudong do chiu nén clia cac mau bé tong bot hoat tinh. Mbi quan hé gitra cudng
dd chiu nén va van toc truyén xung siéu am dugc thé hién boi phuong trinh tuyén tinh (3.1).
C6 thé thdy cudng d6 chiu nén va van tdc truyén xung siéu 4m ciia mau ti 1¢ thuan véi nhau,
¢6 nghia 13 van tdc truyén xung siéu 4m cang I6n thi cuong do chiu nén cia bé tong cang
cao va nguoc lai.

Phuong trinh thé hién mdi quan hé giita van tdc truyén xung siéu am UPV va cuong
d6 nén R: y=0,1526x—577,92 (3.1
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Hinh 2. Biéu dd quan hé UPV - R

3.2. Xay dung biéu dd quan hé giira tri s6 bat nay (n) va cwong do chiu nén (R)

Tri s6 bat ndy n cua cac mau bé tong bot hoat tinh x4c dinh dugc tir thi nghiém thay doi
tir 25 dén 39 vach, trong khi cuong dd chiu nén nho nhét cua cidc mau 1a 40 MPa, 16n nhat 1a
112,7 MPa. Biéu dd quan h¢ giira tri s6 bat nﬁy clia mau bé tong bot hoat tinh véi cudng do
chiu nén duoc thé hién & hinh 3. Sir dung phan mém hd tro tinh toan dé xay dung quan hé giita
tri s6 bat néy va cuong d6 chiu nén ctia cdc mau bé tong bot hoat tinh. Mbi quan h¢ giita cuong
d6 chiu nén va tri s6 bat nay dugc thé hién bai phuong trinh tuyén tinh (3.2). Tri s6 bat nay
phan 4nh d6 cimg bé mat cia bé tong, bé tong cang dic chéc thi trj s6 bat ndy xac dinh duoc
cang cao. Chinh vi vay cuong d¢ chiu nén va tri s6 bat nay ti 1é thuan vé6i nhau, c6 nghia la
mau bé tong co tri sb bat ndy cang cao twong g véi cudng do chiu nén cang 16n.
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Phuong trinh thé hién mdi quan hé giira tri s6 bt ndy n va cudng d6 nén R:
y=3,7006x —29,982 (3.2)
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3.3. Quan h¢ giira vin tdc truyén xung siéu Am (UPV), tri s0 bat niy (n) va cwong
do chiu nén (R)

Tir hai phuong trinh quan hé giita van toc truyén xung siéu 4m va tri s bat niy véi cudng
d6 chiu nén ciia bé tong bot hoat tinh (phwong trinh (3.1) va phuong trinh (3.2)), tién hanh xay
dung quan hé giira van tdc truyén xung siéu am UPV, tri s6 bat ndy 7 va cudng do chiu nén R
nhu sau: Lan luot cho gia tri van téc truyén xung siéu am UPV thay ddi tir 4150 m/s dén 4600
nvs, bude thay d6i 13 50 m/s; ing v6i mdi gia tri van tdc truyén xung siéu &m UPV, cho trj s6
bét ndy » thay doi tir 25 dén 40 vach. Tiép theo st dung phuong trinh (3.1) dé tinh cu(mg do
chiu nén Rupy ciia bé tong bot hoat tinh tir gid trj van toc truyén xung siéu am UPV, dong thot
sir dung phuong trinh (3.2) dé tinh cudong d6 chiu nén R, ctia bé tong bot hoat tinh tir tri s6 bét
ndy 7. Lay trung binh cta 2 gia tri Rupy va R, s& c6 cudng do nén trung binh tinh toan Ry cua
bé tong bot hoat tinh ing véi mot gia tri UPV nhat dinh. Tong hop cac két qua tinh toan da
trinh bay nhu trén, xdy dung dugc bang tra xac dinh cuong d chiu nén Rypy-, ctia b€ tong bot
hoat tinh tir cac gia tri van tdc truyén xung siéu am UPV va tri s6 bat ndy n nhu trong bang 3.

Bang 3. Cuong dd chiu nén ciia bé tdng bot hoat tinh xic dinh theo vén tdc

truyén xung siéu 4m UPV va tri s6 bat niy n
UPVvV n (vach)
(m/s) | 25126 27| 28| 29| 30| 31| 32| 33| 34| 35| 36| 37| 38| 39|40
4150 | 58.9160.8] 62.6| 64.5| 66.3| 682| 70.0| 71.9| 73.7| 75.6| 774| 79.3| 81.1| 83.0| 84.8| 86.7
4200 | 62.8|64.6| 66.5| 68.3( 702| 72.0| 73.9| 75.7| 77.6| 794 | 81.3 | 83.1| 85.0| 86.8 | 88.7| 90.5
4250 | 66.6|684(703| 72.1| 74.0| 75.8| 77.7| 79.5| 81.4| 83.2| 85.1| 86.9| 88.8| 90.6| 92.5| 94.3
4300 | 70.4|72.2| 7411 75.9| 77.8 | 79.6| 81.5| 83.3| 85.2| 87.0| 88.9] 90.7 | 92.6| 94.4| 96.3 | 98.1
4350 | 742|76.1{ 779| 79.8| 81.6| 83.5| 85.3| 87.2| 89.0| 90.9 | 92.7| 94.6| 96.4 | 98.3|100.1/102.0
4400 | 78.0(79.9| 81.7| 83.6| 85.4| 87.3| 89.1| 91.0| 92.8 | 94.7| 96.5| 98.4 | 100.2| 102.1| 103.9/105.8
4450 | 81.8|83.7| 85.5( 87.4| 89.2] 91.1| 92.9| 94.8| 96.6| 98.5 [ 100.3| 102.2| 104.0| 105.9] 107.7]109.6

124



TAP CHI KHOA HQC TRUONG PAI HQC HONG DUC - SO 61.2022

4500 | 85.6|87.5/ 89.31 91.2| 93.0| 94.9| 96.7| 98.6 | 100.4| 102.3| 104.1| 106.0| 107.8] 109.7 111.5{113.4
4550 | 89.5]|91.3] 93.21 95.0( 96.9 | 98.7{100.6 102.4| 104.3| 106.1|{ 108.0 109.8| 111.7) 113.5 115.4{117.2
4600 | 93.3]95.1] 97.0] 98.8(100.7| 102.5 104.4] 106.2| 108.1] 109.9| 111.8] 113.6| 115.5 117.3| 119.2/121.0

Bang 3 dugc xay dung tuong tuw nhu TCVN 9335 - 2012 [11], tuy nhién TCVN 9335 -
2012 chi 4p dung cho bé téng ning thong thudng cé cudng do tir 10 - 35 MPa, vén tdc truyén
xung siéu am tur 3500 - 4450 m/s. Viéc ap dung Bang 3 dé du doan cuong do chiu nén cua bé
tong twong dbi don gian. Sir dung thi nghiém xac dinh van tdc truyén xung siéu 4m va sing bat
ndy dé xac dinh céc gié tri UPV va n, sau do tra Bang 3 dé xac dinh cudng d6 chiu nén twong
(g ciia bé tong. Can luu ¥ rang bang 3 chi 4 ap dung cho bé tong bot hoat tinh dugc bao dudng
& diéu kién tiéu chuan vdi cac gla tri Van tc truyén xung siéu am UPV trong pham vi tuong
ung tir 4150 - 4600 m/s va tri s6 bat nay n tir 25 - 40 vach. Ddi véi bé tong bot hoat tinh cé cac
gia tri UPV va n ngoai pham vi trén va céc loai bé tong khéc can phai duoc nghién ctru thém.

3.4. Dy do4n cuwdng dd chiu nén thong qua van téc truyén xung siéu Am va do bat ny

St dung 12 mau tir K1 dén K12 dé kiém chung cac phuong phap du doan cuong do
chiu nén cua bé tong dua trén gla tri van toc truyén xung siéu 4m (RUPV) duya trén dg bat nay
(R»), va dua trén ca gi tri van toc truyén xung siéu 4m va do bat nay (Rupy.,). Chl y ring
Rupy va R, dugc xéac dinh dya theo cong thirc (3.1) va (3.2), trong khi Rypy-, dugce xac dinh
dwra vao noi suy & bang 3. Két qua so sanh giita cuong do chiu nén thyc té (R) va cuong do
chiu nén tir 3 phuong phap trén duoc thé hi¢n trong bang 4. Két qua cho thay, phuong phap
du doan cuong do chiu nén dua trén do bat nay cho két qua sai 1éch 16n nhét (vdi sai s6 trung
binh 13 10,66% va sai s6 16n nhat 13 31,64%), tiép theo la phuong phap dua trén van toc
truyén xung siéu am (v6i sai so trung binh 1a 7,28% va sai s6 lon nhat 13 23 89%) phuong
phéap sur dung két hop ca van tdc truyén xung siéu am va do bat ndy cho két qua gan sat véi
thuc té nhét (v6i sai s6 trung binh 1a 6,51% va sai s6 16n nhat la 14 85%) C6 thé thay, khi
du doan cuong d6 chiu nén cua bé tong bot hoat tinh tir van tdc truyén xung siéu am UPV
va tri so bat nay n, chénh léch gitra 2 gia tri cuong do nén du doan (Rupy- n) va cuong do nén
thuc té (R) hau hét déu nam trong khoang gidi han cho phep dudi 15%. Két qua nghlen ciru
cho thay, c6 thé sir dung két hop giita gia tri van toc truyén xung siéu 4m va do bat nay trong
du doan cuong do chiu nén cia bé tong bot hoat tinh.

Bang 4. Panh gia cwong do chiu nén du doan theo UPV va n véi cuwong d§ chiu nén
thye té cia mAu bé tong bt hoat tinh

Tén UPV n R Ruypy Sailéch R, Sailéch Ruypyn Sailéch
mau (m/s) (vach) (MPa) (MPa) (%) (MPa) (%) (MPa) (%)

K1 4570 35 117.3 1194 1.84 99.5 1512 1095 6.64
K2 4511 36 108.0 110.5 227 1032 446 1069 1.10
K3 4465 33 101.2 103.5 227 92.1 8.96 97.8 3.34
K4 4543 40 109.7 1154 521 1180  7.58 1167 6.40
K5 4499 38 113.7 108.6 445 1106  2.68 109.7 3.49
K6 4391 35 105.4 92.2 12.53 995 5.58 95.9 9.05
K7 4277 37 98.1 74.7 23.89 1069  8.96 90.8 7.47
K8 4493 30 98.1 107.8 9.90 81.0 1737 944 3.73
K9 4429 36 109.6 97.9 10.73  103.2  5.86 99.5 9.29
K10 4402 33 104.0 93.8 9.79 92.1 1140 928 10.74
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K11 4363 40 89.7 87.9 1.94 118.0 31.64 103.0 14.85
K12 4309 32 81.7 79.6 254 884 829 833 202
Sai s6 trung binh 7.28 10.66 6.51
Sai s6 16n nhat 23.89 31.64 14.85

4. KET LUAN

Bai béo trinh bay céac két qua nghién ctru du doan cudng d6 chiu nén ciia bé tong bot

hoat tinh bang cic phuong phap khong phé huy. Qua trinh xay dung bang tra cuong do ch1u
nén dya trén cac gia tri van toc truyén Xung 51eu am va do bat ndy duoc trinh bay chi tiét
trong bai bao. Két qua nghién ciru cho thiy, néu du dodn cudng do chiu nén chi dua trén thi
nghiém xac dinh van tbe truyén xung siéu am hoac do bat néy thi két qua thu dugc sai khac
nhiéu so véi cudng do chiu nén thuc té ciia mau. Khi sir dung két hop gia tri van téc truyén
xung siéu am va do bat nay cho két qua chinh x4c hon véi do sai léch nho hon 15%. Tuy
nhién két qua nghién ctru chi a4p dung cho cdc mau bé tong bot hoat tinh ¢ vén tdc truyén
xung siéu am tir 4150 - 4600 m/s, do bat néy tur 25 - 40 vach, ngoai pham vi nay can dugc
lam rd hon & cac nghién ctru khéc.
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THE STUDY ON PREDICTING THE COMPRESSIVE STRENGTH
OF REACTIVE POWDER CONCRETE BY
NON-DESTRUCTIVE METHODS

Le Thi Thanh Tam, Nguyen Van Dung, Pham Huu Khai

ABSTRACT

This paper investigates the use of non-destructive methods to estimate the compressive
strength of reactive powder concrete. The reactive powder concrete samples were produced
from cement, silica fume, fly ash or ground granulated blast furnace slag, and fine sand.
The ultrasonic pulse velocity and bounching values of concrete samples were determined
using non-destructive methods, and their actual compressive strengths were determined
using the compression test. Based on the relationship between ultrasonic pulse velocity,
bounching values, and the real compressive strength, the table was built to estimate the
compressive strength of reactive powder concrete. The obtained results indicated that using
the combination of ultrasonic pulse velocity and bounching values brings about a higher
level of accuracy in predicting the compressive strength of reactive powder concrete than
using only ultrasonic pulse velocity or bounching values.

Keywords: Reactive powder concrete, compressive strength, ultrasonic pulse
velocity, bouncing gun, non-destructive method.
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