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Tém tit:

Trong nghién ciru nay, kha ning khang udn cia vét liéu bé tong siéu tinh ning gia c6 cot si thép (ultra-high-
performance fiber-reinforced concrete - UHPFRC) véi cac ham ltr0'ng bt soi thép khac nhau, duéi tic dung cia
tal trong tinh va tai trong dong di dugc khio sat, nghién ciru. 36 mdu UHPFRC kich thuée 0,5x0, 5x210 (mm), gla
¢ béi 0,5 va 1,5% thé tich (vol. %) cbt sQi thep tron (d=0,2 mm, I=19 mm) dll‘O’C ché tao va thi nghlem ubn ba diém,
dwéi tac dung cua tii trong tinh (tbe do bién dang 0,000167 s') va tii trong toc do cao (tbe do bién dang dén 210 ).
Két qua thi nghi¢m cho thiy, cwong do udn ciia vat litu UHPFRC ting 1én dang ké khi ham lwong c6t soi ting 1én.
Pong thoi, khi tbc dd gia tai ting, kha ning khang udn ciia vat liéu ciing ting l1én. Cwong dd kéo udn caa vat liéu
UHPFRC gia ¢6 b6i 0,5 va 1,5 vol.% cbt sgi 1a 17,7 va 30,0 MPa duéi tac dung ciia tai trong tinh, ting 1én dén 23,6 va
51,92 MPa & téc dd gia tai trung binh 110 s va ting 1én dén 28,86 va 61,04 MPa & toc dd gia tai trung binh 13 210 s,

Tir khéa: bé tong siéu tinh ning, cot s¢i thép, cwong dd kéo udn, tai trong dong.

Chi s6 phén loai: 2.1

tuc ting cuong do sau khi vét nirt du tién xut hién (strain-
hardening response) va kha ning ting stc khang khi téc do
gia tai ting (strain-rate dependent), nhu thé hién trong hinh
1B [4, 10].

Bé tong siéu tinh niang gia cd cdt soi thép (ultra-high-
performance fiber-reinforced concrete - UHPFRC) da va
dang duoc biét dén nhu mot loai bé tong dac biét so vadi

bé tong cbt soi thong thuong (fiber-reinforced concrete -
FRC) hay bé tong thong thuong (normal concrete - NC):
cuong do chiu nén rat cao (>150 MPa), cuong dg chiu kéo
t6t khi dugc gia cd mot ham lugng cbt soi thép vira phai
(>10 MPa), kha nang hap thy nang luong t6t khi bi pha huy
(>30 kJ) [1-9], nhu thé hién trong hinh 1A. Hon nita, nhiéu
nghién ciru cho thiy loai bé tong nay con c6 kha ning tiép
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(A) Ung xir kéo - nén ciia UHPFRC so v&i FRC va NC

Hinh 1. Tinh chét kéo, nén ciia vat lisu UHPFRC [10].
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Nho nhitng déc tinh trén, loai bé tong nay duoc ky vong
khi ap dung vao thuc tién s& gitip giam kich thudc hinh hoc,
tang kha ning chiu lyc cho cic cong trinh xay dung nhu cdu
dudng, cac cong trinh ha ting k§ thuat, cac cong trinh quan
sy nhu tuong bé tong chiu cac tac dung cuia tai trong cuc
doan (va dap, né) hodc tuong, bia chiu dan bén. Tuy nhién,
viéc ap dung loai vat liéu nay vao cac cong trinh thuc té con

Bién dang kéo (%)

(B) Ung xir kéo cua UHPFRC dudi cac tdc do tai khac nhau
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Abstract:

In this study, the flexural resistance of ultra-high-
performance fiber-reinforced concrete (UHPFRCs)
containing different fiber volume content, under static
and dynamic flexural loading was investigated. Thirty-
six specimens of UHPFRCs, size 0.5x0.5x210 (mm),
reinforced with 0.5%, and 1.5% volume of smooth steel
fiber (d=0.2 mm, /=19 mm) were cast and tested by three-
point bending test, under the static load (strain rate
1.67x10% s') and high acceleration load (strain rate up
to 210 s). Experimental results show that the flexural
strength of UHPFRCs increases significantly when the
fiber reinforcement content increases. In addition, as
the loading speed increases, the flexural resistance of
the material also increases. The flexural strength of
UHPFRC material reinforced with 0.5 and 1.5% of fiber
volume content was 17.7 and 30.0 MPa at static loads,
increased to 23.6 and 51.92 MPa at a loading rates of 110
s' and 28.86 and 61.04 MPa at loading rate of 210 s™'.

Keywords: bending behaviour, high strain rates, smooth
steel fiber, ultra-high-performance fiber-reinforced
concrete (UHPFRC).

Classification number: 2.1

nhiéu han ché, do gi4 thanh san xuat con cao, quy trinh tron
va bdo dudng khit khe, ddc biét 1a cac tinh chit co hoc cua
no6 kha phirc tap (phu thugc nhiéu vao loai, ham lugng cdt
s¢1, phu thudc vao tai trong tac dong - kéo, nén, udn hodc
cét), chua c6 quy trinh thi nghiém, kiém tra va danh gia chét
luong. Dac biét, dudi tic dung cua tai trong co toe do gia tai
cao, cAu kién thudng bi pha hily béi trang thai pha huy tong
hop bao gdm cét, ubn va pha huy cuc bo.

Mot sb tac gia da tién hanh nghién ciru anh hudng cua
ham lugng cbt soi va toc do gia tai dén kha nang khang
ubn ciia UHPFRC [11-16]. Cac nghién ctru cho thiy, kha
ning khang udn cua bé tong siéu cuong do (ultra-high-
performance matrix - UHPC) ting dang ké khi duoc gia c6
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boi ¢t soi thép va trong gioi han ham lugng nghién ciu,
kha nang khang ubn tang khi ham luong ot so1 tang lén.
Tuy nhién, rat it cic nghién ciu vé& mg xir udn cia vat
liéu UHPFRC dudi tac dung cua tai trong dong [17-20] va
cac nghién ctru nay chi dimg lai ¢ toc do gia tai vira phai.
Meng va cong su [17] nghién ciru kha niang khang udn cia
UHPFRC duéi tac dung ciia cac toc do gia tai khac nhau
(0,05, 0,50, 1,25, 2,50 va 5,00 mm/phut) cho théy cuong do
ubn tang khi toc do gia tai tdng 1én. Habel va Gauvreau [19]
nghién ctru kha ning khang uén cia UHPFRC & toc do cao
cho thay cudng d6 udn ctia UHPFRC ¢ toc d6 bién dang 2
s' cao hon 25% so véi truong hop tinh tai. Parant va cong
su [20] bao cao rang, cudng do khang udn cua UHPFRC
tang bon lan ¢ toc do gia tai 1a 500 GPals.

Trong nghién clru nay, cac tac gia nghién cuu anh hudng
ctia ham luong ¢t soi va tde do gia tai cao (va dap) dén kha
kha nang chiu udn cua vat lieu UHPFRC, mdt trong nhiing
déc tinh quan trong, phé bién khi két cdu chiu tac dung cta
luc kéo udn nhu dam cau, nha hay cac cong trinh quan sy
chdng su pha hoai cta vat lidu nd, dan ban. Muc tiéu cu thé
la: 1) Nghién ctru sy anh huong cua ham lugng cdt soi dén
kha nang khang uon cua vat lieu UHPFRC; 2) Nghién ctru
su anh hudng cua toc d6 gia tai dén kha nang khang udn cua
vat ligu UHPFRC. Thi nghiém khang uon dugc thuc hién
bang thi nghiém udn ba diém dudi tai trong tinh cta may thi
nghiém da nang (universal test machine - UTM) va tai trong
dong bang hé thong thiét bi thi nghiém khung ning luong
(strain energy frame impact machine - SEFIM).

Chuong trinh thi nghiém

Thi nghiém uén Ky hiéu

I Thi nghiém déng — hl I
I Thi nghiém dong — h2 I

—

Ham lwong cht sol
(vol.%)

Ung xi¥ uén ciia
UHPFRC

[ [

—)—

Anh hémg cia ham lwong cot son
Anh lnrdng cna toc d6 gia tai

Hinh 2. Chwong trinh thi nghi¢m.

Mot chuong trinh thi nghiém dugc thiét ké dé khao sat
anh huong ciia ham lwong cdt soi va toc do gia tai dén kha
nang khang udn cua vat lisu UHPFRC (hinh 2) gom sau
loat mau (kich thudc 50x50x210 (mm)), duoc duc va thu
nghiém. Ky hiéu ciia tig loat mau dugc dit theo ham luong
cbt soi (05, 15 tuong rng v4i ham lugng cOtsoila0,5val,s
vol.%); toc do gia tai (“S” twong g Vi tai trong tinh, “h1”
va “h2” twong tng véi toe do gia tai cao mirc 1 va murc 2).

Vit ligu va mébu thi nghi¢m

Thanh phan cép phdi cia UHPC dugc thé hién trong
bang 1 va dic tinh ctia c6t soi thép duogc thé hién trong bang
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2. Cuong do chiu nén trung binh ciia mau nén lap phuong
(50x50x50 mm) 1a 184 MPa theo két qua thi nghiém cta
Ngo va cong sy [21]. Cbt soi gia b 1a loai ¢t soi thép tron,
duong kinh ¢=0,2 mm, chiéu dai /=19 mm, ham luong cdt
soila 0,5 va 1,5 vol.%.

Qua trinh tron va chuén bi miu c6 thé tham khao trong
c4c tai liéu cua [5, 22]. May tron cong sudt 20 1 co thé didu
chinh téc d6 quay duoc ding dé tron hdn hgp UHPC. Pau
tién, mudi silic (silica fume) va cat quartz (silica sand) dugc
trén kho véi nhau trong khoang 5 phut. Sau do, xi mang
loai I (cement - type I) va bot khoang (silica powder) dugc
cho vao tron tiép trong khoang 5 phut (voi tbe do quay cia
maéy tron khac nhau). Khi hdn hop kho da dong déu, nudc
va phu gia si€u déo (superplazticsizer) dugc cho vao tu tu
va tron tiép cho dén khi hdn hop dat dugc do déo can thiét.
D6 déo ctia hdn hop duoc kiém tra bang thi nghiém do chay
theo tiéu chuan ASTM C1437 [23]. Cudi cing, cdt soi thép
duogc rai déu vao hdn hop bing tay va tiép tuc tron thém
khoang 2 phtt. Hon hop duoc cho vao khuén chuin bi sin
ma khong can phai ¢am lén. Mau va khuén duge dé trong
phong thi nghiém khodng 48 h truéce khi thao khuon va bao
dudng trong téc nudc nong 90+2°C trong vong 72 h dé dat
100% cuong do.

Béng 1. Thanh phén cip phéi UHPC theo ty 18 khoi lwong.

Ximiang Mudi . A . Phu gia .
(loai Iy silic Cat quartz B{t khoang sicu déo Nuéde
1,00 0,25 1,10 0,30 0,067 0,2

——
=

Bang 2. Tinh chit ciia ¢bt soi thép.
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Thi nghi¢m

Thi nghiém uén ba diém duoc van hanh bing may nén
da nang (universal test machine - UTM) v6i ché do kiém
soat chuyen vi (hinh 3). Tai trong tac dung dugc do bang
cam bién lyc cai dat trong UTM, trong khi dich chuyén
thang dung (8) cua mau dugc do bang hai bién ap vi sai
tuyén tinh (linear variable differential transformer - LDVT)
dugc gin vao day mau bang khung nhom. Toc d6 ghi dir
li¢u cua may la 1 Hz.
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BO gia tai
Mau uén

Con lan

Hinh 3. Thi nghiém uén ba diém dwéi tii trong tinh.

Hé théng thi nghiém dong bing khung ning luong
(improved - strain elastic frame impact machine - [-SEFIM)
dwoc dé xudt boi Tran va cong su [24], nang cap boi Park va
cong su [4] tai Dai hoc Sejong (Han Quéc), da va dang dugc
dung hiru hiéu dé thi nghiém kéo mau UHPFRC dudi tic dung
cua tai trong dong. Trong nghién ctru nay, mot b thi nghiém
udn ba diém duoc ché tao dé cai vao may I-SEFIM phuc vu thi
nghiém udn & toc do gia tai siéu cao, nhu thé hién trong hinh 4.
Kich thuéc miu, diéu kién bién cua thi nghiém dong dwoc ché
tao, cai dat gibng v6i thi nghiém ubn ba diém 6 tai trong tinh
dé loai trir anh hudng cua kich thuée miu, diéu kién bién dén
két qué thi nghiém.

M3 hinh ciia ciu tao miu uén

Chi tiét ciia ciu tao mau uén

Hinh 4. Thi nghi¢m uén déng (I-SEFIM).

Nguyén 1y hoat dong co ban cua I-SEFIM la tao ra lyc gia
tai voi toc do cao bang khung ning lugng. Khi khung ning
lugng lam bang sit hodc hop kim cuong do cao duge kéo dan
boi hé théng kich thuy Iyc, nang lugng dan hoi s& duoc tao
ra va tich lily trong khung. Khi lyc kéo din dat dén mot gia
tri nhat dinh, vuot qua giéi han chay cua hé thong khép ndi
(coupler) lam b?mg kim loai va duoc tao sin mit cét pha hoai,
hé thdng coupler s& bi dirt, nang lugng dan hdi trong khung kim
loai s& dugc giai phong dot ngdt, dan t6i ca hé théng khung
nang lugng s€ dugc di chuyén v6i mot tde do rat cao, kéo theo
mau thi nghiém bi pha huy. Toc do gia tai c6 thé dugc diéu
chinh, kiém soat bang cach diéu chinh vét li¢u va duong kinh
thanh cta khung ning luong hodc diéu chinh gidi han chay cia
h¢ théng coupler. Trong thi nghiém nay da sir dung 2 t6 hop
gilra khung nang luong va bd coupler: 1) Coupler loai 800 kN
va khung ning luong bang thép cuong do cao; 2) Coupler loai
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400 kN va khung nang lugng lam bang titan. Van tdc va cham  Bang 3. Két qui thi nghi¢m uén.
ly thuyét dugc udc tinh la 13,8 va 13,1 m/s bang cach st dung

H . Téc d9 bién  Lwc16n nhit, Chuyén M6 men
phuong trinh (1) twong Gng véi céac t6 hop trén. Bo;.{hl' I P vi,d ubn, R,
V=Cxe 1 "M e (kN) mm)  (MPa)
f SP1 7,35 0,87 15,71
trong do, C la toc do song cua khung nang lugng (C = \/ﬁ ), SP2 8,92 0,81 19,05
E 1a mo6 dung dan hoi cua khung niang luong, pla khéi lugng SP3 e 9,28 0,69 19,82
riéng cua vat liéu lam khung, va 5 1a bién dang cua khung tai 05.5 SP4 ’ 7,75 0,71 16,55
thoi diém coupler bi pha hiy. SP5 7,65 0,85 16,35
Luc khéng ciia mau duoc do gian tiép thong qua do bién 3P0 . 897 0.8 116
dang dan hoi ctia thanh truyén lyc (transmiter bar) bang 2 b do 8% Lomdo 532 077 1777
bién dang dong (dynamic strain gauges) dugc gan trén bé mit. SD* L i i
Trong khi do, bién dang cua mau dugc do thong qua chuyen SP1 107,90 10,10 1,90 21,57
dong cua céc diém duoc danh déu trén bé mat mau bang hé B e 108 e 205
théng camera toc do cao va bg thu thap dir li¢u tan suét cao. S L1 LR Lt 2
Luc va chuyén vi cia mau & thi nghiém d()ng du’orc tinh toan 05-hl SB4 10125 11,77 1,30 2k,
bang cong thie (2) va (3) tuong tmg. Chi tiét vé nguyén 1y va SPS 111,66 1147 1,30 2450
cach phan tich dit li¢u do chuyén vi dugc dién giai chi tiét trong SP6 105,78 1147 120 2
Ngo va cong su [6]: TB* 108,10 11,03 138 23,56
P=¢ xA xE, ) SD*¥ 46 07 03 14
SPI 222,96 11,97 1,10 25,57
6=d —d, €) SP2 209,93 14,12 1,50 30,16
trongdo, e, 4, vakE, labién dang dan hoi, dién tich mat cit ngang SP3 198,68 14,19 1,20 30,30
Vamodundanhmcuathanhtruyenluc d,d lachuyenw cuadiém 05.10 SP4 232,61 14,36 1,50 30,67
1 va diém 2 trén bé mat bo do di dong va bo dd o dinh (hinh 4). SPs 217,27 12,93 1,67 27,62
SP6 202,87 13,50 1,77 28,83
Két qua thi nghiém va nhan xét o o o 7 fer
Mbi quan hé giira lyc va chuyén vi cia mau UHPFRC dudi spxr 148 0.9 03 20
tac dung cuia cic toc do gia tai khac nhau dugc thé hién trong SP1 13,24 0,88 28,28
hinh 5 va két qua cy thé cia timg mau dugc liét ké trong bang 3. SP2 13,38 0.90 28,57
Hinh 5 cho théy, lyc va chuyén vi cia mau UHPFRC ting 22 1,67x10° izz 13: j?ji
khi ham lugng cot soi va toc dg gia tai tang 1én. Nhu duge ligt 15 e s o 3120
ké trong bang 3, luyc 16n nhat (P,.) cua miu UHPFRC tiang 6 . 3’92 170 i 29’73
tir 8,32 kN 1én dén 14,05 kN khi ham lugng cdt soi tang m . e 14’05 1’02 30’00
0,5 dén 1,5 vol. %. Dong thoi, khi tée do gia tai ting, P cla sps : 01;6 0’13 1‘;0
UHPFRC gia ¢6 boi 0,5 vol.% ting tir 8,32 kN ¢ tinh tai (toc : : :
d6 bién dang 1,67x10° s) 1én 11,03 kN & toc do bién dang sl = el 22 B
108,10 s va 13,51 kN & tbc do bién dang 214,05 s™'. Tuong tu, 2 150 227 240 47,56
P, cia UHPFRC gia ¢6 boi 1,5 vol.% tang tir 14,05 dén 24,31 S IR 2ee 20 20,56
V428,58 kN. . SP4 110,20 24,62 2,20 52,58
SP5 105,82 2327 2,00 49,71
0 ‘ ‘ ‘ ‘ SP6 101,44 24,29 2,30 51,89
1505 o T TB* 110,60 24,31 2,20 51,92
o Thedoco-t2 ] s 96 15 02 32
20| 1 ] SPI 214,44 2973 2,03 63,51
2 | SP2 212,53 28,95 2,35 61,83
& SP3 207,86 27,41 2,34 58,54
! 1 ] 5 SP4 201,11 28,37 2,77 60,61
el I ] SP5 209,14 28,29 1,98 60,43
| T SP6 217,12 2871 240 61,33
Chuyén vi, 5 (mm) ? Chiénvi,omm | TB* 210,37 28,58 231 61,04
Hinh 5. Puéng cong luc - chuyén vi cia UHPFRC duéi téc do gia tai spr 39 08 03 L7
khac nhau. Ghi chi: 7B*: gia tri trung binh; SD**: d 1éch chuan.
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Hinh 6 thé hién vét nirt mau dudi tac dung ctia thi nghiém
udn. Tir hinh 6 ¢6 thé thidy UHPFRC gia c6 bai 0,5 vol.%
bi pha huy v6i vét nit don, trong khi UHPFRC gia ¢6 bai
1,5 vol.% xuét hién thém nhiéu vét nirt nho bén canh vét nut
pha hily do udn. Piéu nay ciing giai thich thém rang, ham
luong cdt soi ting 1én ciing dan téi cuong do ubn cia vat
liéu tang, nho vao kha nang han ché vét nut cta cot soi. Mt
khac, dudi tac dung cua toc do gia tai cao, mau thi nghiém
bi phé huy thanh nhiing phan riéng biét. Trong do, vét nut
giita 1a pha huy do lyc udn tac dung, con cic vét nirt 2 bén
1a do sy phan hoi ctia bo kep thi nghiém giy ra boi ning
luong du cua may.

Hinh 6. Ung xir niit ciia mAu bé téng chiu udn.

H1nh 7 thé hién mé men ubn (R) ctia cac mau UHPFRC
gia c¢b boi ham lugng cdt soi khac nhau va cdc truong hop
téc do gia tai khac nhau. Trong d6, m6 men udn cua mau
dugc tinh toan theo cong thirc (4). Trong cong thie (4), P
(kN) 1a lyc tac dung 16n nhét do dugc tir may thi nghi¢m; 'L
(mm): chiéu dai nhip, 1a khoang cach giita hai gbi d& miu
thi nghi€m; b va d (mm) lan luot 1a bé rong va chiéu cao
mau.

3xP xL 3xP_ x1000x178

= = 4
" 2xbxd? 2x50x50° “)
70
I [1 Tinh tai =
6ok O Técdd cao—hl
| Tde dd cao — h2 S
? w
By 50 |
=
o
=40 |
£ | -
+ =)

=30 - & @
=T 1] o
I T
O 20| =

10 |

0

0.5vol% 1.5 vol.%

Ham lwong cét sei (Vol.%)

Hinh 7. Cuong dd chiu udn ciia miu duéi cac tde d gia tai khac nhau.
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Tir hinh 7 ¢6 thé thay, cuong do ubn cua vat lidu (R)
tang khi ham luong cdt soi gia cd ting va toc do gia tai tang
Ién. R, cua UHPFRC tang tir 17,7 1én dén 30 MPa khi ham
hrong cot soi tang tir 0,5 1én 1,5 vol.%. Viéc cudng do uén
ciia mdu UHPFRC ting khi ham lugng cdt soi ting duogc
ghi nhan & mot sb tac gia trude nhu [11-16] va dugc giai
thich boi kha ning han ché xuat hién va phat trién vét nut
trong mau bé tong cua cac cot soi thép tang 1én. Tur hinh 7
ciing cho thiy, cuong d6 uén cua vat liéu UHPFRC ting 1én
khi tdc d6 gia tai ting cho ca truong hop gia ¢6 0,5 va 1,5
vol.% cbt soi thép. Sy gia ting cuong do khi tée do gia tai
tang dugc giai thich nhu sau: cuong do chiu kéo udn cua bé
tong gia cb cbt soi chii yéu duoc hinh thanh béi luc dinh két
gitta bé mit cbt soi va 1op vira xung quanh (interfacial bond
strength) do qué trinh co ngot cua bé tong khi dong cliing
va ma sat giira hai bé mat tiép xtc; khi vita bé tong xung
quanh cbt soi chuyén dong c6 gia toc boi gia tai toc do cao,
lyc quan tinh xuét hién & cac hat vira lam gia tang lyc dinh
két giira c6t soi va vita xung quanh no. Lyc dinh két giira
cdt soi va vira ting gop phan lam ting cudng do cua vat lidu
UHPFRC khi toc do gia tai tang 1én. Xu hudng ting cudng
d6 khi toc do gia tai tang ciing da duoc nghién ciru va ghi
nhan boi mot sb tac gia ¢ the do gia tai thap nhu [18, 20].

Keét luan

Tir két qua thi nghiém cho théy, ngoai cuong do chiu nén
cao, bé tong si€u tinh nang gia co cdt soi c6 cudng dd chiu
uon cling rat cao nhung phy thudce nhleu vao ham lugng
bt soi duoc gia c6. Cuong dg chiu udn cua UHPFRC dat
duogc trung binh 30,0 MPa khi gia ¢d bai 1,5 vol.% cot soi
thép tron. Khi tde do gia tai tang, cuong do chiu udn cua
UHPFRC dugc ting 1én dén 61,04 MPa ¢ toc d6 bién dang
trung binh 210 s”'. Nhiing tinh chit nay hta hen viéc ap
dung vat liéu UHPFRC vao cong trinh thyc té, khong chi
lam tang tinh tham my, cudng dd, kich thudc hinh hoc cong
trinh ma con phi hop cho cac cdu kién, cong trinh chiu tai
trong dong nhu dong dét, va cham, pha no.

Nghién ctru nay dugc tai trg boi Quy phat trién khoa hoc
va cong nghé quoc gia (NAFOSTED) thong qua dé tai ma
$0: 107.01-2019.03. Céc tac gia xin tran trong cam on.
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