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’Céng ty CP Cau dwong b I Quang Ninh
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Toém tit

Phuong phap thi nghiém xung si€u 4m (Ultrasonic Pulse Velocity) voi nhiéu uu diém nhu
khong 1am ton hai mau, so b c6 thé du doan duoc cuong do, chét luong va khuyét tat trong bé
tong, hién dang 1a Iinh vuc nhan dugc sy quan tam rat 16n cta cac nhom nghién ctru trén thé gidi.
Trong nudc di c6 mot sd nghién ctru dya trén hudng dan cta TCVN 9357:2012 vé danh gia chat
luong bé tong nang bang vén tdc xung siéu 4m dé xay dung mdi quan hé giita cuong d6 chiu nen
bé tong vai van tdc xung siéu am va do dac chleu sdu vét niat md trén bé tong bang phuong phap
siéu am. Tuy nhién, cac két qua nghién ctru vé sir dung xung siéu &m dé nghién ctru sy thay d6i
van tdc séng xung siéu am trong bé tong hat min va dé xuit cong thirc xac dinh so bo cudng do
chiu nén trén vat liéu nay 1a chua tim thay. Trong nghién ciru ndy, tac gia st dung c6t liu 1a cat
vang séng Lo va xi ming, hai vat liéu nay phdi tron v6i 6 cip phdi khac nhau ché tao ra cic mau
bé tong hat min c6 kich thuéc 100 mm x 50 mm. Két qua do xung van tdc séng siéu am cho thay
mdi quan hé giira van tdc xung va cuong do nén theo hamy = 0, 5461013 (P9 léch chuan =
0,9857). Két qua nghién ctu co thé lam co sé dit lidu dé xac dinh so bd cudng do6 nén mau bé
tong, cdu kién bé tong hat min trén thuc t& ma khong phai 1am cac thi nghiém pha huay.

Tir khoa: non-destructive tes; ultrasonic pulse velocity; vdn toc xung, cuong do nén.
1. bat van de

Dé danh gia chat luong bé tong hién nay thudng sir dung hai phuong phép pho bién 1a: Thi
nghiém pha hoai xac dinh cuong do bé téng va thi nghiém khong pha huy. Thi nghlem khong
pha huay co thé ké dén nhu: Phuong phap sing bét nay, phuong phap do van tdc xung siéu am,
phuong phap st dung két hop may do siéu am va sing bat nay, phuong phap dién tro, v.v... Viéc
nghiém thu chat luong bé tong chit yéu duoc tham chiéu trong tiéu chuan TCVN 4453:1995.

Phuong phap khong pha huy dugc st dung tur lau va kha pho bién trén thé gidi. Co thé ké
dén nhu: Phuong phap van tdc xung siéu am (Ultrasonic pulse velocity - UPV); phan &m (Impact
- Echo), phan song (Pulse - echo); phat 4m thanh (Acoustic emission); hap thu song siéu 4m
(Microwave adsorption)... (Nguyén Trung Hiéu va nnk, 2017; Cam va nnk, 2005; Panzera T.H
va nnk, 2008; JCMS-IIT B5706, 2003). Trong d6, phuong phap van toc xung siéu am dugc sur
dung hiéu qua dé dénh gia dic tinh co hoc bé tong nhu cuong do, sy xuét hién vét nut, chiéu sau
vét nirt ma, (Baehaki va nnk, 2019; Raffaele Pucinotti va nnk, 2015).

Tiéu chuan Viét Nam TCVN 9357:2012 huéng dan thiét 1ap mdi quan hé giira cuong do
chiu nén bé tong va UPV theo m6 hinh hdi quy mot bién, tir d6 co thé so bd danh gia chat luong
bé tong thong qua do van tdc xung siéu am (Tiéu chuan Viét Nam, 2012). Ngoai ra ¢6 thé ké dén
mot 86 nghién ctru sir dung phuong phap UPV két hop véi sing bat nay dé danh gia chat luong
cua bé tong (do ddng nhat) Két qua kiém tra cudong do bé téng twong chin bang sing bat nay
Schmidt cho thiy hé s bién dong cuong d6 bé tong trung binh cua cac vung thi nghiém tir 7,4% dén
16,9% < 20%, (L& Van Manh, 2020). H¢ s6 blen dong van toc truyén song si€u &m trong bé tong tru
trung binh tir 2,29% dén 2,86 < 3%. Dai hé sb bién dong nay dat yéu ciu theo tiéu chudn TCVN
9357 : 2012 cho phép hé s6 bién dong 16n nhat tir 2 dén 3%, (Lé Van Manh, 2020). Luong Xuan
Chiéu trén mAu thi nghiém bé téng khdi vuong 15 x 15 x 15 cm, da xdy dung duoc biéu d6 twrong
quan gitra cudng do chiu nén bé tong theo hai thong sé 1a tri s6 sung bat nay va UPV. Tuong tu
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(Lé Vin Manh, 2020; Luong Xuan Chiéu, 2012) nghién ctru xdy dung phuong trinh héi quy
cuong do chiu nén theo hai tri s 1a sung bat nay va UPV cho bé tong geopolymer. Xung si€u dm
cling dugc st dung dé nghién ctru xac dinh modun dan hdi tAim bé tong (N guyen Hong Puc,
2017; L. M. Tu), nghién ctru danh gia khuyét tat coc khoan nhdi va khao sat vét nit trong bé
tong tudi som (T. T. Q. Huy and K. . Q. M¥, 2015). Viéc st dung bé tong chit luong cao hat
min d3 va dang dugc st dung kha phd bién trong xay dung. Tuy nhién, viéc sir dung phuong
phap thi nghiém khong pha huy dé du bao so bd cuong do bé tong, hodc xa hon nita 1a dy bao su
phat trién vét nut 1a rat can thlet Trén co s& 1y thuyét xung siéu am, tdc gia sir dung may
acoustic detector of RS-STOIC tién hanh thuc nghiém trong phong do van tdc xung siéu am trén
mau bé tong hat min v61 6 ty 1¢ phdi tron khac nhau. Tt két qua thi nghiém dua ra dugc mdi
quan hé giita van toc xung va cuong do nén cua mAu bé tong hat min, két qua thu duoc c6 thé
lam tai liéu tham khao dé xac dinh nhanh cuong do, médun dan hdi cta bé tong hat min trong
diéu kién thi cong ngoai hién trudng.

2. Phwong phap thi nghiém

2.1. Nguyén ly phuong phap thi nghiém xung siéu 2m (Ultrasonic Pulse Velocity - UPYV)

Nguyén ly cua phuong phap xung si€u dm dya trén sy phu thudc cua van téc truyén song doc
v6i cac dic tinh dan hoi va mat do cia bé tong. Bang cach xac dinh van tdc truyen song doc
trong bé tong, phuong phap c6 thé so bo danh gia chat luong bé tong cung nhu mot sO khuyét tat
bén trong n6. Xung cua dao dong doc dugc tao ra nho mét bo phan bién d6i dién am (sau day gol
tat 1a dau do) dugc gitr tiép xuc véi mot mit ciia phan bé tong chiu kiém tra. Sau khi di qua chiéu
dai L da biét cuia bé tong, xung dao dong dwoc chuyén thanh tin hi¢u dién nhd dau do thir hai.
Thoi gian truyén T cua xung do dugc nho cac mach dién dém thoi gian. Van tde xung V (km/s
hodc m/s) dugc tinh bang cong thuc:

V = (1)

o+l

Trong do:
L - chiéu dai dudng truyén, duge goi 1a day do, tinh bang kilomet (km) hodc mét (m);
T - thoi gian can thiét dé xung dao dong truyén qua hét chiéu dai L, tinh bang gidy (s).
2.2. Thiét bi va cdch bé tri diu do xung siéu im
Bo thiét bj cua phuong phép van tde xung siéu am bao gém thiét bi hién thi va 02 dau do

thu - phat voi tan s6 xung tir 25kHz dén 100kHz. Pé thyuc hién do vén tdc xung co ba cach bd tri
dau do nhu hinh 1:

+ Hai dau do dat trén 2 mat dbi dién (truyén truc tiép);
+ Hai dau do dit trén 2 bé mat vudng goc (truyén ban truc tiép);
+ Hai dau do dat trén cung 1 bé mat (truyén gian tiép hoic truyén bé mat).

b) ¢)

Hinh 1. Phuong phap truyén va nhdn xung [13]: a) truc tiép, b) gidn tiép,
¢) Ban truc tiép key: Transmitter (T), Receiver (R)

Trong bai bao sir dung may do xung siéu 4&m RS-STO1C acoustic detector voi thong s6 duoc
cho trén Bang 1.
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Bdng 1. Théng sé chinh ciia mdy RS-ST01C acoustic detector

Chi s6 may Chi s6 thu thap dir liéu
D¢ chinh xac do xung + 0.1us Thoi gian nhap liéu 1.1us
Dién 4p phat xung 500 V Diém lay mau 512
Thoi gian truyén 20 us Phuong phép kich hoat phat lién tyc
Do rong xung 10 us Tan sb xung 40 kHz

2.3. Chuan bi miu va chwong trinh thi nghi¢m
2.3.1. V4t li¢u thi nghi¢m

_ Xi mang PC40 But Son (X) thoa mén cac yéu cau ky thuat cuia TCVN 2682:2009. Thanh
phan hoa hoc va tinh chat co Iy cua xi mang PC40 But Son. C6t li¢u nho trong hon hop bé tong
nho su dung cat vang soéng L6 (C), loai hat tho, chat luong tot. Nude sach (N) duogc sir dung dé
1am nuéc tron hdn hop bé téng va bao dudng mau thi nghiém, théa man tiéu chuan TCVN

45Q6.20 1,2 (TCVN 4506:2012, 2012). Trong thi nghiém, ty 1€ Xi: Cat dugc khao sat véi lan luot
6 capphoi la 1:1, 1:1,5, 1:2, 1:2,5, 1:3 va 1:3,5.

2.3.2. Chuong trinh thi nghiém

a) Thi nghiém do xung siéu am

Tién hanh do cic mau hinh lang try, mdi cip phdi cé hai mau. Mdi mau tién hanh do 3 lan,
dam bao sai sO gilra cac lan do < 5%. Chu y, luong geo bdi vao hai dau mau vira phai dé dam
bao thu dugc tin hiéu xung tot nhat.

Hinh 2. Thi nghiém do xung siéu am.

b) Thi nghiém xdc dinh ddc tinh co hoc ciia mdu bé tong

Pé xac dinh dic tinh co hoc ctia mau 100 x 50 mm sir dung hé théng may nén gia tai Servo
universal testing machines of DNS-100. Kha ning gia tai tbi da cua may dat 100 KN, cap do
chinh x4c cta gia tai va bién dang déu 1a + 0,5%.

3. Két qua va thao luin
3.1. Két qui van toc truyén xung siéu im
Két qua van tdc xung sau khi xir 1y dugc trinh bay dudi bang sau:

Bang 2. Van toc xung siéu am

S& hieu miu Vién téc xung Vin téc xung S& hicu mau Vin téc Vin téc xung
: (m/s) trung binh (m/s) : xung (m/s) | trung binh (m/s)

N1:1.0 M1 3371 N 1:2.5 M1 2907

N 1:1.0 M2 3373 3373 N 1:2.5 M2 2908 2907

N 1:1.0 M3 3375 N 1:2.5 M3 2905

N 1:1.5 M1 3202 N 1:3.0 M1 2775

N 1:1.5 M2 3200 3202 N 1:3.0 M2 2779 2777

N 1:1.5 M3 2952 N 1:3.0 M3 2777

N 1:2.0M1 2951 N 1:3.5 M1 2585

N 1:2.0M2 2950 2951 N 1:3.5 M2 2589 2589

N 1:2.0M3 2906 N 1:3.5 M3 2587
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Nhdn xét: Nhu vy co thé thay khi ty 1& Xi: Cat giam di, van téc xung siéu 4m c6 xu hudng
giam. Tir két qua trén cho thay khi chit dinh két xi mang giam, c6t lidu tho (ting), thi van tdc
xung giam tir 3337 m/s xudng con 2589 m/s. Khi ty 1¢ Xi: Cat thay dbi lién quan dén tinh chit co
1y cta bé tong (cudong do khang nén, mbédun dan hoi), dé 1am rd hon phan t1ep theo trinh bay két
qua thi nghiém nén don truc mau va dé xuit quan hé giita cuong d6 nén mau va van tdc xung

si€u am.

3.2. Quan hé giita cuong dg khiang nén ciia bé tong va vin toc xung siéu im

Dé thyc hién thi nghiém nén don tryc, tdc do gia tai 0,5 mm/min, han ché anh hudng cia lyc
ma sat trén hai bé mat ti€p xuc ban nén xoa mot lugng nhé geo. Tién hanh gia tai nén tdi khi mau
bi phé hoai. Hinh dnh mau khi tién hanh nén va sau khi bi pha hoai thé hi¢n trén hinh 3, quan hé

gitra cuong do nén va cac tham s6 co hoc khac cia mau duge mo ta chi tiét nhu trén bang 3.

Bdng 3. Tinh chat co Iy ciia mdu thu dwoc tie thi nghiém nén don truc

Hinh 3. Hinh anh mau khi thi nghlem nen.

F10

Wilin tic UPV [ m/s)

. A Cwong do khang | Modun dan hoi
x Ky Bu:O’ng Chiéu Trong Dung néngac/MPa ¢ E/xGPa
Mau iy | Kinh b cao e | N8 T e .| Binh
: d/mm h/mm ¥ y/KN/m” | 1 mau n 1 mau ~

quéin quan
1-1 49,91 98,21 | 377,65 19,66 35,77 3,49

NI1:1 1-2 49,96 98,47 | 398,28 | 20,64 35,09 | 36,39 3,34 3,52
1-3 49,77 | 100,42 | 400,33 | 20,50 38,3 3,72
2-1 49,95 98,85 | 396,48 | 20,48 31,33 2,81

NI1:1.5| 2-2 49,97 99,8 393,68 | 20,12 30,91 | 31,52 3,01 2,87
2-3 49,75 99,09 | 389,02 | 20,21 32,31 2,8
3-1 50,12 98,03 | 386,53 | 20,00 26,42 2.4

NI1:2 3-2 49,68 99,36 | 381,83 19,83 25,43 | 26,50 2,2 2,36
3-3 50,07 99,32 | 391,63 | 20,04 28,15 2,48
4-1 49,91 99,11 | 373,52 19,27 20,85 2,2

N1:2.5| 4-2 49,97 99,69 | 388,95 19,90 19,41 | 21,58 2,01 2,10
4-3 49,86 99,07 | 383,21 19,82 24,48 2,09
5-1 49,72 98,31 | 379,09 19,87 17,43 1,59

N1:3 5-2 50,02 99,21 | 380,97 19,55 18,19 | 17,34 1,91 1,87
5-3 49,84 100,2 401,3 20,54 16,41 2,12
6-1 49,98 98,15 | 373,08 19,38 13,16 1,5

NI1:3.5| 6-2 49,71 97,95 | 372,82 19,62 13,41 | 13,94 1,03 1,33
6-3 49,75 99,13 | 369,46 | 19,18 15,26 1,47
¥ _/__'.('J'/'

g 0 .-M'"X///

Hinh 4. Quan hé cubng d khdang nén
va van téc UVP.
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Hinh 5. Quan hé médin din hoi E va vin toc UVP.

‘Nhan xét: Tu két qua nén mau cho théy, khi ty 1& X : C gidm di thi cuong dd nén mau giam
tuyén tinh. Dong thoi khi cuong do neén giam, cho thiy toc d6 xung siéu 4m cling giam theo. Tur
bang sb liéu tac gia dé& xuit cong thirc tinh so bd cudng d6 khang nén ciia miu theo vén tbe
UPV;y = ,0,546160 0013x (do léch chl}an R? = 0,9857). Tuong ty ta cling tim dqu mo,l quan hé
gitta van toc UPV v6i modun dan hoi E cua bé tong, cong thirc xac dinh so bg dé xuat theo dir
lidu thue nghiém la: y = 0,0678¢*%'** (v6i d6 1éch chuédn 1a R = 0,9755).

4. Két luan

Nhitng két qua thu dugc tir nghién ctru nay cho phép rat ra mot sé két luan ban dau nhu sau:

- Trén co s& cbt lidu 1a xi mang PC40 But Son, cat vang song Lo véi 6 ty 1& phdi tron khac
nhau nhom tac gié da ché tao dugc mau thi nghiém bé tong hat min ¢6 cudong do bén chiu nén Ia
tr 13,94 MPa dén 36,9 MPa, modun dan hoi E tir 1,33 dén 3,52 GPa;

- Khi cuong d6 khang nén cua rn?m tang thi van téc UPV do duoc ciing c6 xu hudng ting.
Trén co s¢ dir liéu thye nghiém d¢ xuat cong thirc tinh so bo cudng d khang nén cua bé tong hat
min theo van tbc UPV 1a y = 0,566e™"** (46 1éch chudn R? = 0,9857). Tuong ty ta ciing tim
dgqc moi quan h¢ gitra van toc UPV v6i médun dan hoi E cia bé tong, cong thirc xac dinh so bd
dé xuét theo dir liéu thuc nghiém 1a: y = 0,0678¢**°'** (v6i do 1éch chuén 1a R? = 0,9755).

- Cac thi nghiém thyc hién trong nghién ctru nay méi gidi han ¢ cac mau thi nghiém trong
phong thi nghiém. Can tiép tuc m¢ rong nghién ctru nay cho két cau cong trinh bé tong cot thép
trén hién truong.
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Abstract

The Ultrasonic Pulse Velocity (UPV) testing method has many advantages, such as
non-destructiveness and the ability to predict the compressive strength, quality, and defects in
concrete. It is currently an area of great interest among research groups worldwide. In Vietnam,
there have been several studies based on the guidelines of TCVN 9357:2012 for evaluating the
quality of heavy concrete using ultrasonic pulse velocity to establish a relationship between the
compressive strength of concrete, the ultrasonic pulse velocity, and measuring the depth of open
cracks in concrete using ultrasound. However, research results on using ultrasonic pulses to
investigate changes in ultrasonic wave velocity in fine aggregate concrete and proposing a
preliminary formula to determine the compressive strength of this material have not been found.
The presented article is based on using golden sand from the Song Lo river and cement, with six
different grading levels, to create samples of fine aggregate concrete with dimensions of 100 mm
x 50 mm. The measured ultrasonic pulse velocity results show a relationship between the pulse
velocity and compressive strength according to the equation y = 0,5461¢™%""** (with a standard
deviation of 0.9857). These research findings can serve as a database for determining the
preliminary compressive strength of fine aggregate concrete samples and components in
practical applications without the need for destructive testing.

Keywords: non-destructive tes, Ultrasonic pulse velocity, compressive strength.



