BAI BAO KHOA HOC

NGHIEN CUU SU LAM VIEC CUA BE TONG COT SQI THEP

Ping Vin Phi'

Tom tat: Bai bdao nghién cuu nhitng ddac tinh co hoc noi troi cua két cau bé tong cot soi thép so voi

két cdu bé tong thong thwong trong giai doan sau mit ciia bé téng bang viéc két hop gita cdc

nghién cuu co san va lam thi nghiém uon ba diém trén dam bé tong cot soi thép voi hai ham lwong
cot soi thép khac nhau, moi quan hé gitta ung suat kéo uon va do mo cua miéng vet nut cua vat liéu
khi chiu uon sé dwoc nghién ciru va tao nén tang cho nhitng nghién cuu chuyén sau hon sau nay. T

do, co thé dé xuat viéc sw dung vat liéu nay cho cac két cau tam, vo trong thuc té dé tang cwong kha

nang chiu lyc cua két cau.

Tir khoa: B€ tong cot so1, so1 thép, iing suat kéo udn, két cau tam, két cau vo mong.

1. GIOI THIEU CHUNG VE BE TONG
COT SOQI THEP

Hau hét cac ciu kién bé tong cho cac cong
trinh hién nay déu phai ddi mat véi van dé nirt
trong qua trinh thi céng va st dung. C6 nhiéu
bién phap da va dang dugc dua vao ap dung
nham giam ti thiéu nhiig anh hudng tir van dé
nét ndy nhu st dung chat phu gia, bé tong tng
suat trudc, bé tong cbt thép. Tuy nhién, nhitng
phuong phéap nay khong thé ap dung hét trong
moi truong hop, dac bi¢t la trong két cAu ban,
tam vo; do do, viéc nghién ctru sir dung bé tong
cdt soi thép co thé dap tmg duoc nhu ciu nay.
Muc dich cua bai bao la nghién ctru nhiing dac
tinh ndi tréi ciia vat lidu bé tong cdt soi thép so
v6i két cdu bé tong thong thudng khi ap dung
cho céu kién chiu udn. Tir d6, dua ra cac dé xuat
va phuong hudng cho céc nghién ctru sau.

Bé tong cdt soi thép la vat ligu bé tong dugc
ché tao tir hdn hop xi mang, nude, cot liéu, phu
gia vamot ham luong soi thép nhat dinh. Thong
thurong ham luong soi thép nay rat nho so voi
thé tich cta hdn hop (<2% vé thé tich) (Arnon
Bentur and Sidney Mindess, 2007). Trong mot
s6 trudong hop c6 thé két hop ca cdt thép va cot
soi thép dé tang cuong luc cho két cau.

"' Bé mén Ky thudt cong trinh, Co s6 2- Pai hoc Thity loi

Nhitng vu diém cia bé tong ¢t soi thép:

- Néi vét nut,

- Tang d6 déo cho két cdu bé tong,

- Cai thién dac tinh co hoc cua vat liéu tai
giai doan sau nut,

- Tang kha nang chiu lyc cho cAu kién.

Ngoai ra c6 mot sb6 nhuge diém sau:

- Gi4 thanh c6 thé cao hon,

- Giam tinh cong tac ctia hdn hop bé tong.

Nhitng nhan t6 chinh anh huéng dén dic tinh
co hoc cua vat li¢u bé tong cdt soi noi chung la:

- Béc tinh cta bé tong.

- Loai ¢6t soi, hinh dang, kich thuéc, sy phan
b6 va huéng phan bd cia cbt soi trong hdn hop,

- Su tuong tac giira bé tong va cdt soi.

Trong d6, hai nhan t6 sau ¢6 tdm quan trong
trong viéc quyét dinh dén dic tinh co hoc cia bé
tong cot soi thép.

Vé hinh dang thi ¢t soi thép co thé thing
hoac cong, c6 mdc cau hodc dugc tdn to ¢ hai
dau, bé ngoai co thé tron hodc co san sui, co
rainh. V& mit cat ngang c6 nhiéu loai nhu mait
cit ngang hinh tron, hinh chir nhat, hinh vudng
hoac cac hinh da giac khac (Hinh 1). Vi¢c s
dung cbt soi co hinh dang ngoai san sui va ¢
moc cdu sé lam ting do lién két gitra cot soi va
bé tong, tir d6 lam tang kha nang chiu luc cua
két cau.
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Thing  Moc cau Tandet  Piuniam: Hinh nén
i I I Hinh tron Hinh vudng Hinh chir nhat Hinh tam giac
Hinhelip  Hinh luc gidc  Hinh bat gidc Hinh bat ky

Dang lugnsong  Hinh cung Ringcua Nhapnho Dang batky Ranh xofn

(2) (b)

Hinh 1. (@) Mt s6 hinh dang ngodi ciia cot soi; (b) Mot s6 mdt cdt ngang ciia cot soi

Hinh 2 thé hién sy phan bd va huéng phan trong hdn hop. Tit ca yéu t6 nay quyét dinh
bd ctia cbt soi trong hdn hop bé tong. Su phan  dén kha niang ndi vét nat cua két cau, tir d6
b6 ¢o thé 1a thang hang, lwdi hodc ngiu nhién;  quyét dinh dén kha ning chiu lyc trong giai
v6i huéng nam co thé nim ngang, nam chéo doan sau nut.
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Hinh 2: Su phdn bé va hwdng phdn bé ciia cot soi trong hon hop bé tong (Ingemar Loferen, 2005)

Yéu t6 cudi cung 1a sy tuwong tac gitta c6t sgi  duoc thé hién qua lién két giita ¢t soi va bé
va bé tong, néu nhu sy twong tic ndy tot s& gip  tong. Néu nhu lién két nay cang t6t thi do bén
két cau tang dugc dd bén. Sy twong tic nay cua két cau cang cao (Hinh 3).

@
Hinh 3. Hinh anh vé s lam viéc ciia dam bé tong khi bi mitt trong hai tricong hop
(a) Dam bé tong; (b) Dam bé téng cot soi thép.

2. THi NGHIEM UON BA PIEM thye hién nhu thi nghiém nén dung tam, kéo dung

D¢ nghién clru dac trung co hoc cua vat liu bé  tdm, kéo tudt va thi nghiém uon. Trong d6 duong
tong cot sgi thép, mdt s thi nghiém co thé dugc  cong quan hé cua vat li¢u khi chiu kéo-nén Ia
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nhiig dac trung co hoc quan trong cua vat ligu.
Tuy nhién, dé thuc hién thi nghiém kéo ding
tam cta mau thi nghiém lam bang bé tong cdt soi
thép rat phtrc tap va doi hoi do chinh xac rat cao.
Pé dé dang cho viéc nghién ctru sau hon vé
nhitng dic tinh ctia bé tong cdt soi thép, bai
baoda thuc hién thi nghiém uén ba diém voi
dam bé tong cbt soi thép dé thu duoc dic trung

co hoc cua vat liéu khi chiu udn.

Viéc thuc hién thi nghiém duogc thuc hién
theo tiéu chuin chau Au EN: 14651,2005 va
hudng dan thiét ké két ciu bé tong cdt soi thép
(SFRC Consortium, 2014).

a) Vat liéu thi nghiém

Thi nghiém dugc thyc hién trén cic dam bé
tong cdt soi thép c6 sb liéu nhu trong Bang 1.

Bing 1. Dir kién vé dam bé tong cdt s¢i thép 1am thi nghiém uén 3 diém

Tén dim bé tong ¢ 5t Ham lugng cf)‘t sgi thép Kl'chkthu’()’c Sé lwong
STT soi thép CIu’q’c3 dung dam dim
) [kg/m’] — [%] [mm]
1 SFRC-0.19% 15— (0.19%) 15x15x600 5
2 | SFRC-0.32% 25 —-(0.32%) 15x15x600 5

Theo Arnon Bentur and Sidney Mindess,
2007, khi ham luong cot soi thép qua nho
(<0.1%) thi su khac bi¢t sé khong qua lon cua
bé tong cbt soi thép so v4i bé tong thuong. Do
do tac gid chon 0.19% (~ 0.2%) twong tng voi
15kg/m® va 0.32% (~0.3%) twong tUng vdi
25kg/m>. Trong qua trinh tron, viéc do ti 16 thé
tich s& phuc tap do d6 tac gia Iya chon khéi
lwong cdt soi nhu trén dé dé dang hon trong
viéc tinh toan ti 1€ gilra cac vat ligu.

Tur diéu kién vé cong tac tron bé tong, thi
Johnston, 1974 di chi ra rang kich thuéc 16n

nhét caa cbt lidu khong dugc qua mot nira chiéu
dai cua cdt soi. Vé cdt lieu duoc dung dé do bé
tong co kich thudc 16n nhat 1a 32mm(EN:
14651, 2005), theo SFRC Consortium, 2014, thi
chiéu dai ¢t soi thép it nhat 1a phai bang 1.5 lan
chiéu dai 16n nhat cla cot ligu d¢ dam bdo sy
lam viéc cua cot soi thép trong bé tong ciing
nhu viée tron bé tong cbt soi thép. Vay trong
truong hop nay, tac gid lya chon kich thudc lon
nhét clia cbt lidu 1a 20mm va chiéu dai cta cot
so1 thép 1a 35mm. Kich thude cdt soi thép duogc
dung dugc thé hién ¢ Bang 2.

Bing 2. Pic diém cdt soi thép dwoe dung trong thi nghiém uén ba diém

Loai so1 thép Mobc cau Chiéu dai | [mm] 35
Cuong do chiu kéo [MPa] 1100 buong kinh d [mm)] 0.55
Modun dan hoi cua thép [MPa] 210000 Ti 1é chiéu dai/dudng kinh (I/d) 64
Hinh dang mit cit ngang Hinh tron | Trong lugng riéng cua sgi thép [Kg/m3] | 7850

b) Tién hanh thi nghiém

Pé dam bao su phan bd dong déu cua cbt soi
thép trong dam bé tong, ddm dui dugc sir dung
trong qué trinh d6 hén hop bé tong cbt soi thép
vao khudn va st dung may rung dé lam chit déu
cho moi dam, tir 46 hdn hop dugc phan bd déu
trong toan bd vi tri cua dam.

Dam phai duoc bao quan trong diéu kién tiéu
chuan vé d6 am va nhiét do sau 28 ngay trudc
khi dugc dua ra lam thi nghiém (TCVN
8828:2011).
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Pé tién hanh thi nghiém, mot vét khia co bé
rong 2mm va d0 sau 25mm duoc tao ra tai chinh
gitta dam dé c6 dinh vi tri bat dau phat trién cia
vét nirt nhu Hinh 4.

Thi nghiém duogc thyc hi¢n béng may udn
thuy luc tao ra mdt lyc tap trung tdc dung vao
mit trén ctua dam tai chinh gitra nhip. Dam bé
tong cdt soi thép dugc dat trén hai géi tua, va co
cac thiét bi do bién dang, chuyén vi duoc lip dat
nhu Hinh 4, Hinh 5.
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Hinh 4. Kich thudc va hinh dang cua dam bé tong cot soi theép, vi tri vét khia va vi tri do CMOD
va CTOD trong thi nghiém uén ba diém (kich thudc la mm).

Trong qua trinh thi nghi¢m, lyc tdc dung
duoc diéu khién thong qua tbc do6 mé cuia miéng
vét khia (CMOD) cho dén khi CMOD dat gia tri
1a 5mm, sau d6 dugc diéu khién thong qua toe
d6 mo cua ranh vét khia (CTOD) véi téc do la
Imm/phut cho dén khi CTOD dat gid tri la
O9mm, qua trinh tac dung Ilyc trong thi
nghi¢émnhu trong Bang 3.

f'»
“

Hinh 5. Ldp dat thi nghiém uon ba diém tai
phong thi nghiém

Bang 3. Qua trinh tac dung luc trong thi nghiém

Kiém soat theo CMOD

CMOD (mm) Tdc d6 (mm/phut)
0+0.1 0.05
0.1 2.0 0.2
20+5.0 0.3
Kiém soat theo CTOD

CTOD (mm) Téc 6 (mm/phut)
5.0+9.0 1.0
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3. KETQUA THi NGHIEM VA NHAN XET

Két qua thi nghiém duogc ghi lai bang may
tinh c6 két ndi dén cac thiét bi do bién dang
duoc lép trén dam, sau d6 dit liéu vé luc tac
dung F, CMOD, CTOD va d6 vong tai mat cat
gitta dim duoc Iuu lai. Bé d& dang hon trong
viéc phan tich va st dung cho muc dich nghién
ctru sau nay, duong dic trung co hoc cua vat
liu duoc bién dbi thanh méi quan hé gita ing
sudt kéo udn on(flexural tensile stress) véi do
mé ciia miéng vét khia CMOD.

Mot trong nhimg két qua thu dugc 1a gidi han
tile f/,-1a gid tri tng suat ma tir diém do vat
liéu khong con tuan theo dinh luat Hooke, duoc
dé xuét 1a gia tri ing suét 16n nhat trong khoang
CMOD < 0.05mm, Hinh 6, (EN:14651, 2005).
Ngoai ra con ¢ gia tri ing suét kéo ubn du sau
nl'rtfrj ung voi gid tri CMOD = 0.5; 1.5; 2.5 va
3.5 theo tiéu chuan EN: 14651 - 2005 do su lam
viéc cta cdt soi.

- Gidi han ti 18 dugc tinh bang cong thirc sau:

_ 3F‘L
Jota = 2bk,

Trong do: Fy 1a gia tri luc tuong tng voi gidi
han ti 1éva duoc ldy nhu Hinh 6.

b 13 bé rong ctia mit cat ngang ciia dam.

hy 14 chidu cao mit cat ngang tinh tir ranh
vét khia.
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Hinh 6. Pham vi xac dinh gia tri gioi han ti ¢ Fy (EN:14651, 2005)

Trong do: F; (j =1, 2, 3, 4) la gia tri luc tac
dung twrong ung véi gia tri cua do md cua mig¢ng
vét nut CMOD; = 0.5; 1.5; 2.5 va 3.5mm duoc
ldy nhu Hinh 7.

1
1
I
I
I
: CMOD (mm)

0 CMOD, =05

CMOD, = 1,5

|
|
|
|
|
|
|
CMOD, = 2,5

CMOD, = 8,5

Hinh 7. Cich xdc dinh Fj(EN:14651, 2005)

SFRC-0.32%

= Dim SFRC 1
= Dim SFRC 2
“ Ddm SFRC 3
= Dim SFRC 4
® Dam SFRC 5

3
CMOD=1.5 CMOD=2.5 CMOD=3.5

SFRC-0.19%

® Diam SFRC 1
® Dim SFRC 2
= Dim SFRC 3
= Dam SFRC 4
|__® Dim SFRC §

CV=0.24

il iz 3 ird
CMOD=0.5 CMOD=1.5 CMOD=2.5

Hinh 8. Gidi han ti 16, iing sudt kéo uon dw sau nirt va dé léch chudn cia thi nghiém

T Hinh 8 c6 thé thiy ring gia tri ung suit
sau nutf,; (=1, 2, 3, 4) twong Grng v6i gia tri cla
CMOD = 0.5; 1.5; 2.5; 3.5mm ciing nhu gia tri
(g suat toi han cua vat liéu fi — 14 trj s6 tUng
suat 16n nhat trong khoang CMOD = 0.05, tat ca
cac gia tri ndy duoc goi ¥ theo tiéu chuan EN:
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14651, 2005. Bé danh gia mirc do bién thién cua
g sut cho 5 dam bé tong ¢t soi voi mbi ham
lwong cdt soi thép khac nhau, hé sb 1éch chuan
CV duoc tinh toan nhu trén Hinh 8, c6 thé thay
rang hé s 1éch chuan kha giéng nhau. Diéu nay
c6 thé ching minh ring v6i ki thuét tron bé
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tong giong nhau thi sy phan bo cua cot soi la cé
su bién thién giong nhau gitra cac mé tron khac

69
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nhau va dugc thé hién qua hé sb 1éch chuan CV
la kha gan nhau.
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Hinh 9. Puong quan hé vmg sudt kéo uon-CMOD va img sudt kéo uon-CTOD ciia dam bé tong
cot soi thép voi ham eong cot soi thép la 0.19%

THi NGHIEM UON BA PIEM
SFRC-0.32%

==Pudéng trung binh
| —Be tong cdt sgi thép SFRC-0.32%

Uog subt kéo ubn MPa)
~

Ung sufit kéo ubn MPa)
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| —B& tong cdt sqi thép SFRC-0.32%
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Hinh 10. Puong quan hé iing sudt kéo uon-CMOD va g sudt kéo uon- CTOD ciia dam bé tong
cot soi thép véi ham heong cot soi thép la 0.32%

Ngoai ra, viec v€ duong cong dac trung co
hoc cua vat liéu khi chiu ubn cling la mdt trong
nhitng cong tic quan trong dé ¢ cai nhin tong
quat hon vé kha ning chiu luc cua bé tong cdt
so1 thép trong gian doan sau nit. Ttr nghién ctru
Iy thuyét ciing nhu cic nghién ctru trudc do thi
bé tong thuong sau khi dat gidi han Gmg suét, thi
duong cong di xubng va ngay lap tirc khong thé
tac dung thém lyc dugc ntra (Hinh 9 va Hinh

10). Tuy nhién, voi dam bé tong cot soi thép,
duong cong van tiép tuc kéo dai va van co thé
tac dung luc cho dén khi dam bi nut giy hoan
toan. Piéu nay co thé dugc giai thich 1a v6i dam
bé tong thuong, khi dat cuong do gidi han vé
g suét, néu tiép tuc ting luc tac dung thi vét
nit bat dau hinh thanh ngay tai rinh cua vét
khia, lic nay phan dién tich mit cat ngang bi thu
hep lai do tai vi tri nirt khong c¢6 kha nang chiu
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luc nén dam ngay 1ap tirc ngung lam viéc tai vét
nut. Trong khi d6, vdi dam bé tong cot soi thép,
ngay vi tri nit van co su lam viéc cua cac cot

THi NGHIEM UON BA PIEM

Ung suit kéo ulin (MPa)
&

===PDudimg trung binh SFRC-0.19%
===Pirimg trung binh SFRC-0.32%
20
10
20 T T
290 340 40
CMOD jmm]

soi thép va c6 kha nang truyén lyc tir bén nay
qua bén kia, lam ting kha ndng chiu luc cua
dam ngay tai vi tri vét nurt.

Bas:
o
-5

THI NGHIEM UON BA DIEM

=S FRC-0.19%
=SFRC-0.32%

.s.

04 -

“.

u.

0.1 4

00 + T - - - - v T

40 05 10 15 20 25 30 35 40

Hinh 11. So sanh déc tinh co hoc ciia dam bé téng cot soi thép giita hai ham heong khéc nhau:
SFRC-0.19%va SFRC-0.32%va dg léch chudn ciia thi nghiém

Tur Hinh 11 ¢6 thé thay ham luong cbt soi thép
duoc tron cling 1am ting cuong do Ung suat kéo
udn coa vat liéu, voi do tang ham luong thép la
67% (15kg/m’ 1én 25kg/m’) thi cudng do tng suat
kéo ubn cia vat litu ting 4% (4.52MPa lén
4.68MPa). Tir didu nay co thé két luan viéc ting
ham lrong cbt soi thép khong lam anh huong
nhiéu dén cuong d6 tmg suét kéo ubn cua vat licu.

Khi xét dén su bién thién cta két qua thi nghiém
(Hinh 11), d léch chuan cua SFRC-0.32% va
SFRC-0.19% gan nhu giéng nhau cho toan bo két
qua thi nghiém trong sut gi4 tri cia CMOD va gia
tri d6 léch kha nho, niam trong khoang
CV=(0.2-0.3). Piéu nay mot lan nira khang dinh
su phan b cna cbt soi thép trong qua trinh tron bé
tong 13 ¢6 sy twong dong gitia cic mé trdn va cac
dam lam thi nghiém khi ding dam dui trong qua
trinh d6 hdn hop bé tong cdt soi thép vao khudn.

TAI LIEU THAM KHAO

4. KET LUAN

Qua thi nghiém c6 thé thdy rang bé tong cot
soi thép c6 nhiéu dic tinh ndi troi hon so véi bé
tong thong thuong, dac biét 1a trong giai doan
sau nut bé tong. Lac nay, nho sy hién dién ctua
cdt soi thép, bé tong van co kha ning lam viéc
tai vi tri vét nirt, néu nhu tai vi tri d6 c6 cbt soi
thép ndi vét nirt lai. V&i nhitng két cdu tim vo
mong, do kho co thé bé tri duoc cdt thép chiu
luc theo dung ti€u chuin, nén viéc cung c¢d soi
thép s& 1a Ira chon kha t6t dé tang cuong kha
ning chiu luc ciia két cau.

Ngoai ra, viéc ting ham luong cdt soi thép
khong c6 nghia 1a cuong do ung sut kéo udn
cua vat li¢u s€ dugc tang cuong.

Khi ding ky thuat tron bé tong gidng nhau thi
su phan bd cua cbt soi thép 1a giébng nhau cho céc
mé tron v&i do 1éch chuan nho va giéng nhau.
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Abstract:
STUDY ON THE BEHAVIORS OF STEEL FIBER REINFORCED CONCRETE

This article studies prominent mechanical behaviors of steel fiber reinforced concrete (SFRC) with
respect to plain concrete structure at the post-cracking phase by studying the existing researches
and doing the three points bending tests on SFRC-beam with two different fiber volume fractions,
the flexural tensile stress- crack mouth opening displacement (CMOD) relations of SFRC will be
deeply studied and be a foundation for further researches in the future. Finally, from these studies,
new material could be introduced for using in slabs and shells structures for improving the load
carrying capacity of these types of structures.

Keywords: Fiber reinforced concrete, Steel fiber, Flexural tensile stress, Shell structure, Slab
structure.
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