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Tom tat

Bai bdo nay trinh bay két qua nghién ciiu thuc nghiém kha ning chiu tic dong tai trong nd ciia bé tong chét
lugng siéu cao (Ultra-High Performance Concrete - UHPC). Bé tong UHPC st dung trong nghién ctu dugc
ché tao st dung céc vat liéu sin c6 & Viét Nam. Cac tim bé tong UHPC va bé tong thudng c6 cung kich thuée
(chiéu dai 1000 mm, chiéu rong 800 mm va chiéu day 120 mm) da dudc ché tao va thi nghiém nd d€ so sanh.
Tai trong nd st dung 1a thudc nd nhii tuong. Su hu hai va phd hity & mit trén, mét dudi cia cdc mau thi nghiém
va thanh phan hat clia cic manh vd ban ra duéi tac dong clia tii trong nd dudc phan tich va so sanh giita bé tong
UHPC va bé tong thuong.

Tir khod: bé tong chét lugng siéu cao; bé tong thudng; tai trong nd; thuc nghiém.

EXPERIMENTAL STUDY OF ULTRA-HIGH PERFORMANCE CONCRETE SLABS UNDER CONTACT
EXPLOSIONS

Abstract

This paper presents an experimental study of Ultra-High Performance Concrete (UHPC) slabs under contact ex-
plosions. The UHPC material is fabricated in lab using the material available in Vietnam. The UHPC slabs and
Normal Concrete slabs with the same dimensions (1000 mm in length, 800 mm in width and 120 mm in thick-
ness) are fabricated and tested. The Emulsion Explosive has been used. The concrete crater and spall damage
under contact explosions are considered and compared between UHPC slabs and Normal Concrete slabs.

Keywords: ultra-high performance concrete, normal concrete, blast loads, experiment.
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1. Gigi thiéu
Bé tong cot thép (BTCT) 1a mot trong nhiing vt liéu xay dung dudc st dung phd bién nhit hién
nay. N6 tao nén cac két ciu chiu luc chinh ctia cdc cong trinh xay dung. BTCT da dudc dng dung rit
*Tac gia chinh. Pia chi e-mail: danhlb@nuce.edu.vn (Danh, L. B.)
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rong rii trong cic cong trinh dan dung va cong nghiép. Tuy nhién, ddi véi cdc cong trinh qudc phong,
dic biét 1 cdc cong su, ngoai yéu cau bé tong c6 cudng do cao thi kha ning hip thu ciing nhu lam
triét tiéu niing luong do 4p luc nS gy ra ciing dudc quan tAm rat 16n. Mot vu nS di vo tinh hay cb y
& gan cac cong trinh, mic di x4c suét xay ra thip nhung sé dé lai hau qua rat tham khoc. Tai trong nd
v6i cudng do cao va thoi gian dién ra nhanh sé gidi phéng mot ngudn niing lugng 16n dudi dang céc
séng nd. Ap luc ciia cdc séng nd nay sé tic dong truc tiép 1én cong trinh gy ra su pha hoai cta vat
liéu va két ciu, tir d6 c6 thé din dén su sup d6 hoan toan cong trinh. Tii trong nd 1én cdng trinh dudc
minh hoa trong Hinh 1 [1]. Khi mot vu nd & gan hoic tiép xiic v6i két cAu bé tong, trén bé mit dbi
dién v6i vu né, bé tdong chiu nén va cé thé phd hoai theo nhiéu dang khac nhau tly vao duong luong
nd, hoiic sinh ra hd 16m [2], hodic din dén mat hoan toan kha ning chiu luc ctia két cAu dan dén cong
trinh bi sup d& [3, 4]. Cdc manh vun bé tdng sinh ra sau khi nd sé c6 téc do cao c6 thé gy ra thuong
vong va thiét hai vé& ngudi va tai san. D€ han ché tbi da su pha hoai clia tai trong nd, viéc nghién cifu
ting xtr co hoc cia bé tong dudi tac dong clia tai trong niy, tir d6 thiét ké thanh phan cip phdi hoic
tao ra cic loai bé tong méi c6 kha niing chiu 4p luc nd t6t 1a hét stic can thiét.

Céc nghién ciiu vé ting xit cd hoc ctia bé
tong dudi tac dung cla tai trong n6 da dudc
thuc hién trong vai thap ky qua. Mot vai nghién
clfu dinh dang cAu triic tai trong va thiét hai do
nd d€ dua ra ti trong tuong duong cung giy ra
phd hoai d6, 1am cin ct budc dau nghién ciu ly
thuyét vé phd hoai do nd [5, 6]. Kot vacs. [7, 8]
da dé xuét cac phuong phép ly thuyét vé su pha
hoai cua bé tong dudi tac dung cua tai trong
nd, tuy nhién cac phuong phéap nay chi dua trén
mot s6 gia dinh don gian 1am anh hudng dén
tinh chinh x4c ctia phép tinh. Vao cubi nhiing Hinh 1. Tai trong né 1én tda nha [1]
ndm 1980, mot loat céc thit nghiém nd bé tong
da dugc McVay [9] tom tit, cac thong sd anh hudng dén su pha hoai ctia bé tong nhu: khoang céch,
trong lugng chit nS, do day tudng, cudng do bé tong, phu gia bé tong va ham lugng cbt thép da dudc
nghién cifu. Wang va cs. [10] da tién hanh cac thit nghiém nd tiép xtc trén cac tim BTCT vudng véi
khdi lugng thude nd khac nhau, két qua dudc quan sét, nghién ciiu qua d6 st dung d€ x4c minh mo
hinh sb ctia ching. Dua trén ludng 16n céc co s6 dif lidu tif cic thi nghiém nd trén tAm san va tudng
BTCT, Marchand va cs. [11] di phat trién thuat todn vé niit duéi tic dung clia tai trong n6 d6i v6i tAm
san va tudng BTCT. Céc nghién ctu trén cho thiy, ing xi co hoc ctia bé tong chiu tic dong clia tai
trong nd rét phiic tap. Kha ning chiu tic dong tai trong nd ciia BTCT khong dudc cao, su phd hoai
xuét hién kém theo su phét trién nhanh ctia cdc vét niit 1am cho cong trinh rit dé bi phd hoai.

Bé tong chét lugng siéu cao, hay con goi 1a bé tong siéu tinh ning (Ultra High Performance
Concrete - UHPC) la budc ngoat trong cong nghé bé tong xi mang hién nay. Dy la bé tong c6 cudng
dd chiu nén cao (> 120 MPa) va do déo dai 16n, cudng do kéo khi udn cé thé 1én t6i 40 MPa; kha
ning chiu tdc dong va cham va chiu tii trong ldp cao; dd bén va do 6n dinh lau dai. C4c nghién ciu ly
thuyét va thuc nghiém trén thé giéi da ching minh ring bé tong UHPC c¢6 kha ning chéng nd rét tbt
[12-15].

O Viét Nam, nghién cttu vé vt liéu UHPC dugc thuc hién trong khodng 10 nim gin day [16, 17].
Céc nghién ciiu 4p dung bé tong UHPC di dudc thuc hién cho mdt s6 cong trinh xay dung nhu cir
bién, cau dan sinh, cdc tim 6p. Viéc nghién ctiu ting dung UHPC cho cic cong trinh dic biét chiu tic
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dong ctia tai trong nd chua dudc cong bd. Muc tiéu clia dé tai niy 14 nghién ciu thuc nghiém kha ning
chiu tai trong nd ctia vt liéu UHPC dudc san xuit bdi cac vat lidu sdn c6 & Viét Nam, tit d6 phan tich
nhiing uu di€ém ctia UHPC so véi bé tong thuong (Normal Concrete - NC) 1am c¢d s& cho viéc nghién
cifu ing dung bé tong nay cho cic cong trinh dic biét § Viét Nam. Cac tAm bé tong UHPC va bé tong
thudng c6 cuing kich thuée da dudc ché tao va thi nghiém nd d€ so sanh. Téi trong nd st dung 12 thudc
nd nhii tuong c6 duong ludng nd tuong duong thube nd TNT. Bai bao bat dau bing mo ta qud trinh
ché tao miu thi nghiém. Cong tac thi nghiém nd cac tim bé tong thudng va bé tong UHPC dudc gidi
thiéu trong Muc 3. Muc 4 phan tich va so sanh két qua thi nghiém nd giita cdc tim bé tong thudng va
bé tong UHPC. Muc két luan va kién nghi sé két thic bai béo.

2. Cong tac ché tao mau UHPC thi nghiém
2.1. Vit liéu su dung

Vit liéu dugc dung trong nghién ctiu gom: bé tong thudng M30 st dung cbt liéu min (cét vang)
c6 md dun dd 16n My = 2,5; cbt liéu tho 1a da dim v6i ¢ hat 5-20 mm. Véi bé tong chit luong siéu
cao M120, c6t liéu 1a cit quic c6 duong kinh ¢ hat trung binh khoang 300 wm, do réng khi chua len
chat 44,9%; xi mang Poocling PC40, c6 dudng kinh cG hat trung binh khoang 11,4 um; Silica fume
(SF) dang hat roi cua hang Elkem, c¢6 duong kinh hat trung binh khoang 0,15 um, ham lugng SiO, 1a
92,3%, chi s6 hoat tinh vé6i xi ming 1a 113,5%; tro bay (FA) st dung trong nghién ctu ¢6 dudng kinh
cd hat trung binh khoang 5,83 wm, ham lugng céc oxit (SiO; + Al,O3 + Fe,03) 1a 84,4%; sdi thép su
dung trong dé tai ctia hing Dramix véi chiéu dai 13 mm, dudng kinh 0,2 mm va cudng do kéo diit 12
2750 MPa; phu gia siéu déo (PGSD) stt dung ctia hdng BASF c¢6 gbc polycarboxylate, v6i ham lugng
chét kho 30%.

2.2. Cdp phdi bé tong si dung

Trong nghién cuu, tac gia st dung hai loai bé tong la bé tong thuong (NC) mac M30 va bé tdng
chét luong siéu cao (UHPC) mac M120 st dung soi thép véi ham lugng 2% (theo thé tich) (UHPC-
F2). Thanh phan cip phdi ctia bé tong sit dung dudc thé hién trong Bang 1.

Bang 1. Cép phdi bé tong st dung trong nghién citu

Kihieu Cét(Kg) P4 (Kg) XM (Kg) FA (Kg) SF(Kg) PGSD (Kg) Nudc (Kg) Soi (Kg)

NC 626 1210 395 183
UHPC-F2 1108 831 166 111 36,9 164 157

2.3. Céng tdc ché tao mdu

Cac mau bé tong thi nghiém ché tao & dang tim véi kich thudc: chiéu dai 1000 mm, chiéu rong
800 mm va chiéu day 120 mm. C4c mu thi nghiém dudc gia c bing thép thanh chiu luc, véi cot thép
doc gom 8 thanh ®12a110 va cbt thép ngang gdm 6 thanh ®8a190. Cét thép bb tri trong tAm va cong
tac 13p dit van khuoén dudce thé hién & Hinh 2. Qua trinh trdn va d6 bé tdng UHPC vao van khuon
dudc thé hién & Hinh 3.
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(a) B6 tri cbt thép (b) Lip dit van khudn ché tao mau thit nghiém

Hinh 2. Cong tac van khuon

(a) Cong tac tron (b) D3 bé tong UHPC

Hinh 3. Cong tdc bé tdng mau thi nghiém

2.4. Cong tdc thi nghiém xdc dinh cuong do bé tong

Cudng do chiu nén ctia bé tong M30 dudc xac dinh theo TCVN 3118-1993 [18] trén cic miu ¢
kich 150 x 150 x 150 mm. Cudng dd chiu nén ctia bé tobng UHPC M120 dudc xéc dinh theo tiéu chuin
ASTM C39M [19] trén cdc mau tru c6 kich 100 x 200 mm.

Cudng d6 ubn clia bé tong dugc xdc dinh theo tiéu chudin ASTM C1609M [20], trong d6, bé tong
M30 xdc dinh trén cdc mau ling tru c¢6 kich 150 x 150 x 600 mm. V&i mau bé tong UHPC M120 xéc
dinh trén cac mau lang tru ¢6 kich 100 x 100 x 400 mm.

M6 dun dan hdi ctia bé tdng dugc xac dinh theo tiéu chuain ASTM C469M [21], trong d6 véi bé
tong M30 xéc dinh trén cdc mau tru c¢6 kich 150 x 300 mm. V6i mau bé tdng UHPC M120 xac dinh
trén cidc mau tru cé kich 100 x 200 mm.

Tinh chét co ly clia bé tong st dung trong nghién ctiu thu dugc sau qua trinh thi nghiém dugc thé
hién trong Bang 2.
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Bang 2. Tinh chit co 1y clia bé tong sit dung trong nghién ctiu

Ki hiéu Cuong do chiu nén (MPa)  Cudng do chiu ubn (MPa)  Mb dun dan hdi (GPa)

NC 30 3 30
UHPC-F2 120 15 48

3. Cong tac thi nghiém nd
3.1. Céng tdc chudn bi thudc né

Thubc nd sit dung cho cac thi nghiém 1a thuéc nd nhii tuong c6 duong lugng nd tuong ducng
thuéc n6 TNT. Cin cii vdo cic nghién ciu ciing nhu khuyén céo tit don vi cung cip thudc nd, dé tai

da st dung hai khéi nd hinh tru c6 khéi lugng 0,5 kg va 1,22 kg (Hinh 4). Céc thong s co ban ctia
hai khéi nd dudc thé hién trong Bang 3.

Tl

(a) Khéind 0,5 kg (b) Kh

ind 1,22 kg

O

Hinh 4. Hinh 4nh khéi n6 st dung

Bang 3. Céc thong s6 cd ban ctia cac khdi nd sit dung

Ning lugng Van tbc Trong luong riéng Pudng kinh  Chiéu cao  Khdi luong

(kJ/kg) (m/s) (g/cm?) (mm) (mm) (kg)
Khbing 1 4500 4095 1,15 80 86,5 0,5
Khbi nd 2 4500 4095 1,15 120 94 1,22

3.2. Cong tdc thi nghiém né

D€ thuc hién thi nghiém nd, cic tAm bé tong thi nghiém sé dudc ké 1én mot gia sat dit truc tiép
trén mat dat (Hinh 5(a)). O dudi gia sit sé dugc dit mot tim bat d€ thu hdi cdc manh vun bé tong bin
ra sau khi nd (Hinh 5(b)). Do bing phing ciia tim dudc kiém tra ki trudc khi dit cac khdi thude nd
1én. Thudc né sé dudc dit truc tiép tai tim mit trén ctia tim. Kip dudc g4 cb dinh, vuong géc véi khodi
thu6c nd, d4u day dién vao diém hoa. Day dién nbi kip nd dudc treo bang mot coc tre dit dua vao tim
bé tong sao cho déy va kip thang va vudng géc véi khdi thude nd (Hinh 5(b)).

Thi nghiém nd dudc thuc hién trén 4 tAm bé tong gdm 02 tim UHPC va 02 tim bé tong thudng
NC vé6i 2 khéi n6 6 khéi lugng 0,5 kg va 1,22 kg (Bang 4).
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(a) Kich thuéc gid sit (b) Hinh anh thi nghiém

Hinh 5. Cong tdc thi nghiém nd

Bang 4. Néi dung chi tiét cac thi nghiém nd

TT TAm thi nghiém Khéi lugng thude nd (kg) Ki hiéu thi nghiém
1 UHPC 0,5 UHPC-MO0,5
2 NC 0,5 NC-MO0,5
3 UHPC 1,22 UHPC-M1,22
4 NC 1,22 NC-M1,22

4. Phan tich két qua thi nghiém

Két qua pha hoai ctia hai tim UHPC (thi nghiém UHPC-MO,5) va NC (thi nghiém NC-M0,5) ting
véi khbi né 0,5 kg dudc thé hién trong Hinh 6 va 7. D6i v6i tim bang bé tong UHPC, khbi nd chi gy
ra mot hd 16m c6 kich thude ngang 10 cm, sau 1,5 cm & mit trén (Hinh 6(a)); con mit dudi bé tong
bi bong mdt 16p ¢6 kich thudec ngang 33 cm (Hinh 7(a)). Ngoai ra khong xut hién mot vét niit nao &
ca hai mit. Trong khi d6, dbi v6i tim bé tong thuong NC, 16 thiing da xuit hién ngay tai vi tri dit tai
trong nG, xuyén tif mit trén xudng mit duéi, véi kich thuéc 26 cm & miit trén va 35 cm & mit duéi.
Ngoai ra, trén hai bé mit cta thm NC ciing xuat hién rat nhiéu vét nit do ti trong nd gy ra (Hinh
6(b), Hinh 7(b)).

V6i khéi n6 2 khéi luong 1,22 kg (thi nghiém UHPC-M1,22 va NC-M1,22), tim bé tong UHPC
bat dAu xuat hién 16 thiing tai vi tri dit tai trong nd. Kich thude cia 15 thing nay theo phuong ngang
& mit trén 13 16 cm va mit dudi 1a 30 cm (Hinh 8(a), Hinh 9(a)). Ngoai ra, xuét hién thém mot s6 vét
ntt ¢ hai mit ctia tim UHPC. Trong khi d6, tim NC bi ph4 hily hau nhu hoan toan, 16 thiing & gitia
tam c6 kich thudc 30 cm & miit trén va 58 cm & miit duéi, kém theo rat nhiéu vét niit 16n, ct thép bi
bién dang (Hinh 8(b), Hinh 9(b)).

Téng hop kich thudc phd hoai & mit trén va mit dudi clia cac thi nghiém nd dudc thé hién trong
Hinh 10. Dua vao két qua thi nghiém thiy riang, v6i cing mot kich thudc, bé tong UHPC c6 kha ning
chiu dugc tai trong nS t6t hon nhiéu so véi bé tong cdt thép thudng. Véi cing khdi luong nd, kich
thudc pha hoai ctia UHPC giam gan nhu mdt nita so véi NC. Pic biét, cac vét nit xuét hién trén bé
mit UHPC it, va c6 do md rong rat bé so v6i cac vét nit trén bé mit cia thm NC (Hinh 11). Piéu nay
c6 thé giai thich nhd vao vai tro clia soi thép trong UHPC. Céc sdi thép chinh 12 12 cAu ndi 1am han
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(a) UHPC-MO,5 (b) NC-MO,5

Hinh 6. Kich thudc pha hoai & mit trén 2 tim bé tong sau thi nghiém

(a) UHPC-MO,5 (b) NC-MO,5

Hinh 7. Kich thuéc pha hoai ¢ mit dudi 2 tAm bé tong sau thi nghiém

0123456

(a) UHPC-M1,22 (b) NC-M1,22

Hinh 8. Kich thudc pha hoai & mit trén 2 tim bé tong sau thi nghiém
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(a) UHPC-M1,22 (b) NC-M1,22

Hinh 9. Kich thudc phd hoai 6 mit dudi 2 thm bé tong sau thi nghiém

@ Kich thudc pha hoai mit trén B Kich thudce pha hoai mat dudi
70
260 28
\9/
E. 50 §
s 40 33 35 \
§30 § . \ 30 30 §
: N 7\
M 10 i
TN N AN N
UHPC-MO0,5 NC-MO0,5 UHPC-M1,22 NC-M1,22

Ki hiéu thi nghiém

Hinh 10. So sanh kich thudc phd hoai mit trén va mit dudi ciia cdc thi nghiém nd
ché su xut hién va phat trién ctia vét niit. Mit khic, n6 ciing 1am cho vét nit phat trién cham hon,
ting kha niing 1am viéc cta vat liéu UHPC. Trong khi véi bé tong cdt thép thuong NC khong thé c6
dugc nhitng tinh chét nay.

Céc manh v sau khi nd dudc thu gom bang mot tAm bat dit dudi cac mau thi nghiém (Hinh 5(b)).
Sau d6, tién hanh hanh sang d€ phan loai kich thudc ¢& hat ctia cac manh v3. Khéi lugng manh vo
thu dugc sau khi nS ing véi cdc ¢d hat khac nhau dugc thé hién trong Hinh 12. Qua biéu dd c6 thé
thy rang, cing mot duong ludng nd, bé tong UHPC chiu tai trong nd tt hon rit nhiéu so véi bé tong
thuong, thé hién & khdi lugng vun nd thu dudgc rat it. Mit khéc, v6i bé tong thuong, khdi lugng manh
v3 bi bin ra c6 khdi lugng 16n va tap trung & thanh phan hat tir 2,5 mm dén 20 mm. C& hat nay ban ra
sé 6 tinh sat thuong rat 16n.

5. Két luan, kién nghi

Bai bdo da trinh bay két qua nghién citu thuc nghiém vé kha ning chiu tic dong tii trong nd cia
vat liéu bé tong chit lugng siéu cao va miu bé tong thudng. Két qua thi nghiém da cho thiy:

- Bé tong chit lugng siéu cao c6 kha ning chiu tac dong ctia tai trong nd tot hon rit nhiéu so véi
bé tong cbt thép thudng. Viée st dung cbt sdi thép trong bé tong UHPC 1am cho cic vét nit xuit hién
trén vat liéu nay do tai trong nd xuét hién it, phat trién cham.
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(a) UHPC-M1,22 (b) NC-M1,22

Hinh 11. Vét niit & bé mit ctia bé tong UHPC va bé tong thudng NC

& UHPC-MO0,5 8 NC-MO0,5 B UHPC-M1,22 ZNC-M1,22
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Hinh 12. Khi lugng manh vd thu dudc sau khi nd ting véi cic ¢d hat khac nhau

- Véi cling duong lugng nd, khdi luong va kich thuée cdc manh v cia mau UHPC nho hon rét
nhiéu so véi cdc ¢d hat ban ra sau khi nd tit mau bé téng cbt thép thuong. Véi mau bé tong thudng,
khéi lugng manh v bi ban ra c6 khdi lugng 16n nhit tip trung  thanh phan hat tir 2,5 mm dén 20 mm.
Trong khi d6, v6i bé tong UHPC cép hat nay thu dudc sau khi n6 rét it.

Ti nhiing 1y do néu trén, nghién ciiu cling d& xuit 4p dung bé tong chit lugng siéu cao cho céc
cong trinh dic biét, chiu tdc dong ctia tai trong nd, dic biét 12 cac cong trinh trong qudc phong.

Loi cam on

Nhém téc gia chan thanh cam on sy hd trg tai chinh ctia trudng Pai hoc Xay dung va Vién Thiét ké
B06 Qudc phong cho dé tai khoa hoc va cong nghé cip trudng trong diém ma s6 234-2018/KHXD-TD,
dugc thuc hién theo hgp dong hdp tic nghién ctiu khoa hoc va cong nghé giita trudng Pai hoc Xay
dung va Vién Thiét ké B6 Qubc phong.
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