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bé tong cot thép dwoc gia cuong boi cot si kim loai vo dinh hinh
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Tom tiit:

Nghién ctru nay nhim khio sat bang thwe nghiém kha ning chéng choc thiing ciia san phing bé tong cdt thép
khong dw ng lwe khi dwoc gia cwdng boi cot soi kim loai vo dinh hinh. Két qua thi nghiém dworc so sanh véi cac
giai phap khac ciing dwoc sir dung dé gia cwong tai lién két cot - san nhu thép dai va bulong chiu cat. Két qua thi
nghiém cho thiy viéc sir dung c6t s¢i kim loai vé dinh hinh trong bé tong lam ting kha ning chéng choc thiing
va trng xir chuyén vi ciia san so v6i giai phap sir dung thép dai chiu cit va bulong chiu cit.

Tir khéa: Choc thiing, cot si kim logi vé dinh hinh, san phdng bé tong cot thép, thi nghiém sin phéng.
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Experimental study on the punching
shear capacity of flat slab reinforced
with amorphous steel fibers
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Abstract:

This experimental study has been carried out to
investigate the punching shear capacity of flat concrete
slabs reinforced by amorphous steel fibers (ASFs). The
experimental results were compared to those of the
different reinforcing solutions applied at the column-
slab connection region using stirrups and stud rails.
The test results have shown that the use of ASFs in
concrete could improve significantly the punching
shear capacity of the flat slab as well as the deflection
of the slabs subjected under the testing load compared
to the using of the stirrups or stud rails.
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Gidi thieu

Két cau san phang hién dang dugc s dung rong rai
trong cac cong trinh xdy dung bé téng cdt thép trong nude
va trén thé gii. Uu diém cta hé san phang 1a ban san duoc
ké truc tiép 1én dau cot cho phép ting twong ddi chidu cao
thong tang, tao dugc do phang khong gian tran dep, thi
cong nhanh, su dung khong glan linh hoat. Tuy nhlen su
két hop momen u6n va luc cit 16n tai vi tri mdi ndi gitra
cOt va san sé gay ra pha hoai dot ngdt tai vi tri nay. Hon
nita, sy pha hoai tai cac vi tri nay s& dan dén su suy giam
dang ké kha ning chdng tai trong ding cua lién két cot
- san va dan dn sy sup dd cua toan hé két cdu (theo cac
nghién ctu cua Graf va Mehrain [1]; Hatcher va cong su
[2]). Vi vay, tai cac vi tri mbi ndi cot - san can dugc gia
cuong dé dam bao kha nang chiu cat va kha nang chuyén
vi (do déo).

Mot sé nghién ctru thuc nghiém ¢ nude ngoai [3, 4] da
chi ra rang, kha nang chong choc thung ta1 vi tri lién két
cOt - san cua két céu san phang bé tong cdt thép phu thudc
vao nhiéu yéu t6 nhu chiéu day san, cuong do cua cdt thép
chiu udn, cudng do bé tong, kich thude cot. Tir do, mot sd
nghién ctru sau nay da phat trién cac chi tiét thép dé gia
cuong tai vi tri mil cot dé lam tang kha ning chong choc
thing tai vi tri ndy, nhu thép chiu cét dang bulong (head-
studs) [5], tim carbon (shear CFRP sheets) [6], ot thép
ngang chiu cit [7], cdt soi thép truyén thong (steel ﬁbers)
[8 9]. O Viét Nam, nghién ctru ly thuyet va md phong so
vé g xir choc thung cta két ciu san phing da duoc thuc
hién, nhung céc s6 liéu thuc nghiém vé van dé nay con rat
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han ché [10-12].

Hién nay, bt soi kim loai vo dinh hinh (Amorphous
steel fibers) la mot loai cdt soi phan tan maéi dugc ché tao
v6i cong nghé hoan toan khac so vai cbt sgi thép truyén
thong. Loai c6t sgi nay co cudong d chiu kéo va kha ning
chéng dn mon cao hon cdt soi thép, mém, d& udn, kha
nang phan tan cao trong bé tong, va dac biét la khong bi
hién tuong an mon kim loai. O nudc ngoai, mot sé nghién
ctru da sir loai ¢t soi nay dé tang kha ning kiém soat vét
nirt ciia ciu kién bé tong cdt thép trong qué trinh co ngét
hay qué trinh chiu tai trong [13, 14]. Tuy nhién, & Viét
Nam, céc nghién ctru cling nhu Gmg dung loai cbt soi nay
vao cac két cAu cong trinh xay dung van chua duoc khao
sat.

Trong nghién ciru nay, kha ning chéng choc thung cia
san phing bé tong cbt soi vo dinh hinh khéng du Gmg luc
dugc nghién ctru bang thuc nghiém va so sanh véi cac
phuong phép truyén thong khac nhu sir dung cdt thép dai
chiu cit va bulong chiu cét. Trén co sé do, tinh hiéu qua
cua mau khi str dung ¢6t soi vo dinh hinh duoc so sanh véi
mau sir dung cac phuong phap khac dua trén hai chi tiéu:
Cuong d6 va kha nang chuyén vi tai lién két cot - san.

Mo ta thi nghiém

Vit liéu

Trong nghién ciru nay, bé tong voi cuong d6 nén mau
tiéu chuan kich thudc hinh try tron 100x200 mm & 28 ngay
tudi 1a 24 MPa, dugc xac dinh theo tiéu chudn ASTM C39/
C39M [15]. C6t thép co go v6i 3 loai dudng kinh @10,
D13 va @24 dugce st dung lam cbt thép doc chiu luc trong
mau thi nghiém. Cuong do chiu kéo & gidi han chay dugc
xé4c dinh theo tiéu chudn ASTM E8/E8M [16] lan luot 1a
455,430 va 465 MPa. Bulong chiu cit dung trong mu thi
nghiém c6 dudng kinh @10, chicu dai 85 mm, cudng do
chiu kéo ¢ gidi han chay 1a 400 MPa.

Cot soi thép vo dinh hinh (ASFs) duoc sir dung trong
nghién ciru 1a mot loai ¢t soi méi, ¢6 dang thang, duoc
phat trién boi Cong ty POSCO - Han Quéc (http://www.
posco.com/) (hinh 1a). Uu diém cta loai cbt soi nay 1a qua
trinh san xuét tiét kiém nang luong va giam khi thai Co,
(it hon 20% so véi cdt soi thép truyén thdng), mong, dé
udn, trong lugng riéng nhe, cuong do chiu kéo cao hon so
v6i ot soi thép truyén théng va dic biét 1a khong co hién
tuong an mon kim loai. Hon nita, bé mit cua phﬁn tr soi
nhdm, c6 kha nang lam tang luc bam dinh gitra bé tong va
¢6t soi (hinh 1b).
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a. Hinh dang c6t sgi kim loai
vo dinh hinh
Hinh 1. Cé6t sgi kim loai vo dinh hinh st dung trong thi
nghiém.

b. Hinh anh khi quét duoi
kinh hién vi dién t&

ASFs ¢0 trong lugng riéng la 7200 kg/m?, cuong do
chiu kéo 1a 1400 MPa va modul dan hoi 1a 14x10* MPa.
Trong khi d0, cbt soi thép truyén théng c6 dang moc & 2
dau, trong lugng riéng 1a 7850 kg/m?, cudng d6 chiu kéo
1a 1100 MPa va modul dan hdi 1a 20x10* MPa. Hinh 2 so
sanh kich thudc hinh hoc cua cbt soi kim loai vo dinh hinh
va cbt soi thép truyén thong.

Chiéu day: 500 prm
0.5 mma=

a. Cot sgi kim loai vo dinh hinh b, Cét sgi thép truyén théng

Chigu day: 29 um S i

Hinh 2. So sanh kich thuéc hinh hoc ctia cét sgi kim loai
vo dinh hinh va cét sgi thép truyén théng.

Mau thi nghiém

Trong nghién ctru ndy, c6 4 mau dugc thi nghiém, bao
gdm mau tiéu chuin (TC), mau dugc gia cuong boi bulong
chiu cit ¢ dau cot (BL), mau dugc gia cudng boi thép dai
chiu cit & dau cot (TP), va mau str dung bé tong cbt soi
thép vo dinh hinh (ASFs). Tét ca cic mau thi nghiém déu
c6 kich thude 1800x1800 mm, chiéu day san 1a 120 mm.
Trong san, cbt thép doc chiu lyc @13 dugce st dung. Cot
dugc thiét ké 1am viéc trong giai doan dan hoi, véi kich
thudc tiét dién 1a 200x200 mm va cdt thép doc chiu luc la
4024.

Theo khuyén cdo tir nha san xuat, ham luong ASFs hop
ly trong hdn hop bé tong ding trong cac két cau cong trinh
tr 0,6-0,8%. Vi vay, trong thi nghiém nay, nhom nghién
ctru lya chon ham luong cdt soi vo dinh hinh duge tron
tryc tiép vao hon hop bé tong v6i ham luong 13 0,8%. Kich
thude hinh hoc va ciu tao cdt thép clia cac mau thi nghiém
duogc trinh bay trong hinh 3. Trong nghién ctru nay, bé
tong bt soi kim loai vo dinh hinh dugc st dung cho toan
bo tAm san.
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tuong tng 29 va 72% so voi mau TC, déng thoi, duong
cong lyc - bién dang sut giam mét cach tur tir sau khi dat
gié tri lyc 16n nhat. Piéu nay ching t6 cbt soi kim loai vo
dinh hinh sir dung trong hon hop bé tong lam ting kha
niang chdng choc thing va kha nang chuyén vi ciia mau thi
nghiém. Pong thoi, ching c¢6 kha ning kiém soat cac vét
nut sau khi dat dén trang thai gidi han chiu lyc, gitup cho
L ; cac két cau khong bi pha hoai mdt cach dot ngot, tuong tu
Mau thi nghién : nhu cdt soi thép truyén thong [17].

o>Thiet bi do chuyen vi
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Hinh 5. Quan hé lyc - chuyén vi.

Thiét bi truyén
démg birg thiy Ipe

Ddc diém phad hogi mau

Trong nghién ctru ndy, cic mau thi nghiém dugc ké tu
do Ién cac goi tya dat ¢ 4 canh cia mau thi nghiém. Vi vay,
phan dién tich san xung quanh c6t sé chiu tac dung cua luc

Dim g \ | L!LDﬂrl“' o choc thing ciing nhu moment ubn 16n nhét. Trong tat ca
PETES L cac mau thi nghiém, cac vét nirt dau tién dugce hinh thanh
I — oo — — trong vung chiu kéo cua tiét dién san gan vi tri cot, sau do
= A A | e X . o
' ' bé rong va dién tich vung nirt tang dan cung véi sy tang
b. Cau tao hé thong thi nghiém. cua tai trong (hinh 6).

Hinh 4. Hé thong thi nghiém.
Két qua thi nghiém va phan tich
Két qua dwong cong luc - chuyén vi

Két qua duong cong luc (P) - chuyén vi (w) cia cac \ ;
mau thi nghiém dugc trinh bay ¢ hinh 5. Ta c6 thé thay : AR Vo
rang, 6 mau tiéu chuan (TC), sau khi dat gia tri lyc lon Dién tich nit: 0,56 m? ién tich :‘1i’r‘t':'.0,92 by
nhat (214,8 kN), dudong cong luc - chuyén vi sut giam - :
mot cach dot ngot. Mau duge gia cuong bdi thép dai (TD)
cling thé hién mot ng XU twong tu mau TC, tuy nhién
kha ning chiu luc (258,8 kN) cao hon so véi mau TC 1a
20,5%. Mau duoc gia cudng bai bulong chiu cit cho kha
nang chiu lyc cao hon chi khoang 4,6%, tuy nhién kha
nang chuyén vi cao hon 30,9%, va sau khi dat gia tri luc
16n nhit, duong cong luc - chuyén vi sut giam mot cach tir
tir. DSi véi mau thi nghiém st dung c¢dt soi vo dinh hinh
v6i ham luong 0,8% (ASFs), gia tri lyc va chuyén vi 16n : :
nhét trong ting dat 277,3 kN va 29,49 mm, tirc 1a cao hon | Hinh 6. Pac diém hinh thai pha hoai mau.

Dién tich nitt: 0,97 m?
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Hinh 6 cho thay hinh miu cta cac vét nit duge quan
sat bang mét thuong tai thoi diém sau khi cic mau thi
nghiém bi phé hoai. Trong truong hop cic mau tiéu chuan
(TC), bulong chiu cat (BL), thép dai chiu cit (TD), mot sd
lwong 16n cac vét nit duge hinh thanh xung quanh chu vi
ot va gay ra su pha hoai ciia viing bé tong & bé mat bén
dudi cac mau thi nghiém, kéo theo sy pha hoai hoan toan
mau sau d6. Tuy nhién, trong trudng hop mau thi nghiém
v6i ham luong 0,8% cdt sgi vo dinh hinh trong hdn hop
bé tong (mau ASFs), s6 luong cac vét nit it va dién tich
cling nhu bé rong cac vét nit hep duge quan sat sau khi
mau bj pha hoai.

Dién tich vung pha hoai cling duoc do va thé hién &
hinh 6. Ta c6 thé thay ré“mg, dién tich meg pha hoai trong
truorng hop mau ASFs gan bang v6i mau TC va it hon cac
mau con lai. Ngoai ra, s6 luong cac vét nit quan sat duogc
trong mau ASFs it hon nhiéu so v&i tat ca cac mau TC, BL
va TD. Piéu nay co thé duge ly giai boi sy hién dién cia
cbt soi vo dinh hinh trong hon hop bé t6ng da tao ra hiéu
mg cau nbi (bridging effect) glua cac vét nut xuét hién
khi bi pha hoai, va lam giam s6 lugng cac vét nit 16n ciing
nhu bé rong khe nut [17].

Keét luan va kién nghi

Bai bao da trinh bay két qua nghién ctru bang thuc
nghiém dé khao sat tinh hiéu qua cua cdt soi kim loai vo
dinh hinh khi tron vao trong bé tong dén kha ning chdng
choc thing ctia san phing bé tong cdt thép khong du tmg
luc. Mot sb két luan c6 thé rat ra tir két qua thi nghiém
nhu sau:

- Cac phuong phéap khang choc thung tai lién két cot -
san nhu st dung bulong chiu cit, thép dai chiu ct, cling
nhu sir dung cdt soi kim loai v dinh hinh trong hdn hop
bé tong déu 1am ting kha ning khang choc thing tai vi tri
nay.

- Mau thi nghiém str dung ¢6t soi kim loai v6 dinh hinh
trong hon hop bé tong c6 kha chiu tai trong choc thung tai
dau cot 16n hon 29% so v6i mau tiéu chuan, va 16n hon so
véi cac mau sir dung cac bién phap gia cuong khac.

- Dién tich ving ph4 hoai trong truong hop mau sur
dung ¢t soi kim loai vo dinh it hon cdc miu con lai.
Ngodi ra, s6 lugng cac vét nit ciing nhu bé rong khe nirt
quan sat dugc trong mau ASF it hon nhiéu so v6i cac mau
tiéu chuén, bu long chiu cit, thép dai chiu cit.
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