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1 GIGI THIEU

Tir trudce dén nay, khi nhac dén cdu kién bé thng, ching ta thudng sif dung
rong rai be tong truyen thong (be tong va bé tong cot thep), cac ing dung cua
bé tdng va bé tong ¢t thép ap dung cho rédt nhiéu céng trinh va ¢é nhidu Ung
dung trong két cdu. Gan day xuat hién cdu kién mai 13 “Bé téng trdn sgi thép”
{Steel fiber reinforcement concrete, SFRC).

Bé tong tron sgi thép khac vdi bé tong coét thep, do dé phudng phap
nghién cliu dé danh gia va hiéu (ng xr cha bé tong sdi thép sé khac vdi
phudng phap truyén théng.

Thap nién 70 bé tong tron soi thep dua vao thi trudng st . dung rong rai ¢
My, Nhat, chau Au. Hién tai & cac nudc nay cé bd tiéu chuan day di dé ap dung
vao thirc tién.

Tai liéu nay giup chung ta tiép can vdi mot |oai vat [iéu mdi, ma sé dugc su
dung réng rai sau nay & thi trudng Viét Nam. Ching ta s& tim hiéu vé:

- Pac tinh cd ban cla bé tdng cdt thép va be tong tron sgi thep

- Trucng hdp thiet ke dién hinh dudc xet dén

- Su khac nhau gilra dac tinh tiing phin va tong thé

- Ung dyng sU dyng bé tong tronsgi thép

- Sy ket hgp gitia sgi thep va thanh thép cling dugc xem xet dén

- Phuong phap nao cho nguai thiét ké va kiém soat dugc chat lugng san

pham

- Kinh nghiém thue té thi cong

Muc tiéu cd ban caa tai lieu huéng dén ki su, chuyén gia va ngudi doc noi
chung muan tim hieu ve thiét ké bé tong tron sai thep va ap dung thanh cong
bé tdng tron sdi thep tu giai doan thiét k& dén thi cdng, nghiém thu.

2 BETONG.TRON SOI THEP (SFRC) VA BAC TRUNG VAT LIEU

Khong giong nhu két cau be tong cot thép thong thuong, be tong tron sdi
thep khong lién tuc, 1am viéc theo 3 phudng, dong nhat cho mét lan trén be
téng. Cac sgi nay duge lam bang nhiéu vat liéu, nhiéu hinh dang, kich thudc
khac nhau,

Tuy nhién, cac sgi nay khi trén vac bé tong sé€ co dac diém vat liéu trong
bé téng giéng nhau. No khong chi don gian la bé tong va sgi thep lam viéc doc
lap, méa chung tao thanh vat liéu hén hap vdi ham luong sgi thép nhat dinh
dugc goi la "bé tong trén s¢i thép”, col nhu vat liéu composite.
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Co nhing thong tin ca ban vé bé tong tron sgi thép va hiéu Ung cua
chiing trang bé téng s& giup ching ta chuan bi chinh xac vé phuang dién ky
thuat va kinh té.

2.1 Loai sdi thep
Theo tiéu chudn ASTM AR20 sdi thep dude chia lam 4 loai theo phudng

phap san xuat, nhung dugc thém vao kha nang chiu kéo téi thiéu, sai léch cho
phép kich thude, 6 déng nhat vat ligu ....

Logt 1 sgt can lgnh
Loar 2: sgi co rang cua
Lol 3: sl cdn ndng
Loat & loal khac

Hon nita, con mét sé dic trung bao gom:

Mat cat cua sdi; hinh tron, ph&rx_g_. hinh ban nguyet ...
Hinh dgng: rha"ng_. oo, ﬁ'ah_sﬁrng .....

Chiéu dai: 19-80mm

Ty 18 chieu dai/ducng kinh: 30-100

Cugng da chiu kea: 345-2800 Mpa

Ma dun Young: 205 GPa

¢ dea: co kha ndang gap 180° khang bi gay
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smooth surface [mund, lat or of any shape)

— — —

ndented, etched, rouphened surface
e T e e B T T BT R B T e ey

Round with end paddles

Round wilh end buttons

Hound with hooked ends

Crimped (round, fiat or any section)
i — = e — e — e

— — — — —r

Polyponal twisted (nesw)
— —

Hinh 1 - Hinh dgng soi thep

Vdi cling mét hinh dang maée ctiassdi, chigw dai va duang kinh 13 hai thang
s& anh huong Ian nhét tdi Ung xU cua sdi thép trong bé tong. Do do ti |é chiéu
dai trén dudng kinh I/d anh hudng dén hiéu qua cla vat lidu. Ham lugng sgi
thep trong be tong (dan vi kg;’_m_;} cao.clng tang hieu qua cua vat lieu.

2.2 Hinh thirc déng géi,#dnchuyén

Nhirng sdi manh.va dai s& hidu qua khi tron vao bé tdng (trinh bay & muc
2.1). Co vai truong hop c&n sgi dai va manh (ti |2 |/d cao), khi do cac sgi nay de
bj uén va cuén lai véi-nhau trong bé téng, déng nghia khéng thé trdn loai sai
nay vdi ham lughg cao.

Diéu hién nhién, ti 1& I/d cao tueng Ung vai sé lugng I8n s¢i thép va ludi
sgi thép s& nhiéu. Tat cd cac ludi sgi thép nay s& 1a ma tran trong bé téng, do dé
doi hai chuy nhiéu hon tdi thiét k€ han hdp nhiéu loai sai thep.

Sai thép duge déng géi trong bao gidy chdng ém 20 kg/bao, phu hgap v
sUc nang cua mot ngudi va pha hgp vai me tron thong thuong (ham lugng 20-
30 kg/m? bé téng)

Lud
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Hinh 2 - Bao bi sgi thép Auber

2.3 Thanh phan bé téng

S@i thép khi trén vao bé 1dng s& o sy khac bidt vai khi bé téng cd cot
thep. Nhung chi dan gian sgi thep trén vao bﬁtky Ibal be tong <& khnng tao ra
hieu qua su dung cua sgi thép trong bé tung Tug,fthu«;-c loai sgi va 56 lugng sdi
trgn vao bé tong, diéu chinh thiét ké.cap pﬁg:.'l ‘bé tong co thé phai thyc hién.
Yéu to can xem xét tdi nhu;

- Tang ham ludng viifa

- Tang ham lugng cac hat min

- DBidu chinh dudng cong phan loai hat
- Sirdung chit déo téisléudéo

Mt yéu ta nlla cing quan trong khéng kém la chon cudng do chiu kéo
cla sdi thép. Bieu nay phu thudc vaoc thiét bi tao sai thep, vat liéu ma sdi thep
(k&m, déng, ...). Hé théng neo, méc, sé bién dang va xuit hién kh3 nang khang
lai sif tach rdfinay. Kha nang rat thap sdi thep bi dit rdi, néu sai thép dit thi kha
nang Chlu tai trude khi nit (2.4), tinh deo va tinh chay déo cla cau kien (2.7) sé
nhanh d‘lt:-ng bl giam.

P& tranh kha nang sgi thep bi don, dé tang kha nang lam vieéc cua soi thep
vai sgi cuong do cao (>1000 MPa) va tham chi sieu cao (>1500 MPa) dugc su
dung trong bé tong.
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Hinh 3 - Biéu do ung suat — bien dang

Auber dua ra nghién clru va thuc nghiém vé cach chon cac loai sdi va lam
thé nao dé tdi uu hda cac thanh phan bé tong va cach thic trdn.

2.4 Cudng do trudc khi nut

Mat trong nhiing tinh chat chu yéu cua beé t6ng trén sdi thep la kha nang
truyén (fng suét (Iuc) tai mat cat bi nit Bieu may khong co & bé tong don thuan
(khong cd cét thép), nadi ma toan bd kha nang chiu tai mat di khi xuat hién vét
nit. Ung xf nay cing o trong bé téng c6t thép truyén théng (thanh hoac ludi
thep) gia cudng.

Hink 4 - VEt nuit trong bé téng khi co sgi thép

Sgi thép tiép nhan Ung sudt sdm nhat trong giai doan nut, do do giam
thieu nang ludng gay nut. Voi cac sdi thep dai hon va so lugng ldn sdi tron
trong beé tong. kha nang it xuat hién vt nut cang cao.
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Hinh 5 & dudi mo ta vi mo vét nut xudt hién trong bé téng khong co thép
va trang hé tong cd sgi thép:
- Trong be tdng khang co thep vét nut ngay cang mo rong, khong co khang nit
(b& réng vt nut tang)
- Trong bé tdng <o sgi thep: nhe lign két cac sgi thép gida vét nit, kha ning
khang not luon ton tai, vet nit kho md rong
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Hinh 5 - Phat trién vét nut trong bé ton g khong sqi thep va co sai thep

Cudng do keo tridckhinit o the quy doi tir cugng do udn bdi mot he so
chuyén doi. He so nay phu thuge vao cudng do cta bé tong tron sdi thép va thi
nghiém thuc hien.

Cap dé va hinh dang cia dudng cong Ung sudt trudc khi nit cd ban phuy
thudc:

- Loai sgi thép

5 5@'.'“:‘,-;;':19 s thép tai vi tri nirt

- Hinhdang sgi thép neo, moc ...

- Chigu dai sai thép

- Phudng nam cia sdi thép

- Ma tran bé tdéng va cudng dé

- Cudng dd chiu kéo cla bé tong va sai thép

Dé xac dinh cac thong so cia bé tong trén sdi thep, thi nghiem kiem soat
dd vong dam va tdm phang la nhiing thi nghiém tiéu chuan dé thuc hién, Co
nhigu tiéu chuan, hudng dan va nhitng dé xuit d3 co trén thé gidi.

Dudi day la mé ta, cach thuc thi nghiém va két qua xuat ra cua cac thi nghiém
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Trinh ty, cach thirc thi nghiém dugc trinh bay cu thé trong cac tieu chuan
tren. Do @ Viet Nam chua ban hanh tieu chu.ﬁﬂ-xt'r&hg linh vuc beé tang tron sgi
thép, nén AUBER két h¢p vai phong thi nghigém truong Pai hoc Bach Khoa
Thanh phé H& Chi Minh thuc hién thinghiém.xac dinh ning lugng hip thu va
Ung suat uon dur trong cau kien SFRC

2.5 Xac xuat thong ké khi trong thi nghiem

Su lap di lap lai thi nghigm Iuém soat db vong vdi mau thi nghiem dudc |3y
t cung mot |oai bé tong sé cho cac két qua khac nhau. Tham chi gia tri trung
binh cia nhigu dot mau co.thé cho ra su khac nhau, phu thudc vao so ludng
mau dua vao thi nghiem. Cac thay ddi va do léch chuan trong mét bo thi
nghiém duoc giam bang cach tang sé lugng mau. Day la mét nguyén tic ca
ban cua thdng ke.

Mét phan sif ngau nhién 1a do vat liéu, nhung phan khac 1a do cach thuc
tao mau thi nghiém, cach thyc hién thi nghiém. Nhiing y&u t6 anh hudng dén
ket quas

- 50 ludng sgi

- Kich thudc mau

- Tila chigu dai lan nhat/ cd hat l6n nhat

- Sy rdn bé tong

- Qua trinh do bé tong mau

- Chat lugng thiét bj thi nghiém

- Kinh nghigm cha phang thi nghiém

10
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Vi thi nghiém theo tiéu chuan BS EN, thi nghiém udn dam, thong thudng
mét bé thi nghiém gam 6 mau dam, cha ra hé sd thay dai tir 15%-20%.

2.6 Cap dd bén bé téng

Cap db bén bé téng theo tiéu chuan Eurccode 2 - EC2

Takle &.1: Strength properties for concrabe.

Strengih class Uniis Explanatinn

Symbel | Property

A5 Ll TR

i o e s 25 B 30 a2 35 10 simm’ | Uplinder sizength
e strength (cylinder) #
Climiclemt ppresive . | ., 3 7 1 15 3 “iram? Citthe serength
L] slrenigth (cutsed
f it by B B 10 1 10 1 1@ Mmm! | a8
L 'LFI:“E‘ILT: | b
Il‘:h_ ewn nxind vensil costrength e | 24 23 =R AT T8 Mirmn® L
E, Secanl miodulus ol elasticity | i kx| 13 33 H 1a kM’ o _hapet
Mote 1: [or congrete iteagth class above C5L000 the expresson lor delermining /s
P R TR AL

2.7 D6 deo va ning lugng hap thu

B& tdng trdn sci thép co cac tinh chat deo. Do 1a Iy do bé téng tron sgi
thép c6 thé két hap kha nang chiu tai vai kha nang bign dang l&n. Su déo dai
dudc thé hien bang cudng do tueng ducng hoac kha nang hap thu nang luong
cua cau kien.

Mang lugng hép thu difge thé hién trong biéu dé gém 2 truc tai — bién
dang. Biéu dd dudi |dy tif thi nghiem udn dam, nang Iugng hap thy (dan vi J)

F [m}q

area D’gz . 3 D L
2 2.50 hit

Frgle

3 Fuy
RA 5 3
280

7
- T

- = e e ey
LI i

—

;
FR e 1
MADEY B
Lé
4 & fmm]

]

.

Hinh 6 - Ndng (ugng hdp thu trong bidu 48 Tai - chuyen vi
P& déo (toughness) la dac tinh chi cd thé do trong cdu kién bé tong trdn

sdi thép. D6 déo dé xéc dinh kha nang chiu tai cia cdu kién bé téng tron sgi
thép (khéng cho xay ra nit). Xac dinh kha nang chiu tai dua trén mat cat khéng
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nit 1a khong khac nhau gitia cdu kién bé tong ddn thuan va be tong cdt thep.
Riéng cau kién hé tang cat thép thi cling xac dinh duac kha nang chiu tai dira
tren vet nut xuat hién,

Dai vdi bé tong tron sai thép dién hinh [SFRC), thiét ké vé cudng do va xét
dén yéu to nirt dong thai khdng giéng nhu bé tong cot thép thong thudng xét
hai yéu t6 trén (cudng do, vét nit) riéng biét. K&t gua trong thiét ké bé téng
tron sdi thép (SFRC) dufa trén Ung sudt uén du trong cau kién.

2.8 Chéng nut

Dac trung ndi bat ma bé tong tron sgi thép 1a rat hiéu qua trong viec
chang nut va chang sy phat trién cua vét ndt. Khoang cach gita cac sdi thep rat
nhd néu so vdi khodng cach gilia cac thanh thép truyén théong. Khong gidng
nhu cdt thép, sai thép phan bd trén moi mat cat nén bé téng dugc bao vé moi
vi tri ké ca Idp be tong bao ve. Them nia, Ung suat gdy ra nut dudc sgi thep tiep
nhan ngay lap tic. DO 13 1y do sy phat trién md dng vt nlt va cac hinh dang
ndt thay dai khi so sanh vé&i mau bé tong don thudn, tham chi vdi bé tong cét
thep.

Khi sgi thép la cdu néi cua vét nut-thee phudng khong vuéng goc, chung
sé bi bién dang va tiép nhan tai tai vét nittnho. Ma sat cuc bd gita bé tong va
sgfi thép tang va do do (ng sudt nén song song vdi mat vét nit dugc tao ra.
Nhu mot hé gua, (ng suat kéo dudc gan vudng goc vdi vat ndt co theé tao ra vét
nut thir cap.

macro-crack

k g - = ' b ]
! r | macro-|
| raction | — | Grack ! micro-
| free | bridaingand | gquh icracking
] branching ! ! !
| I aggregate - I
i : bridging! Al
| ]
| ! GER
| | |
. : .m gl
Bridging stress

Hinh 7 - Sgt thép tiép tuc lam viéc sau khi nut

Nhiing v&t nit nay co thé so sanh vdi vét niit trong bé tong cot thép, ma
ca thé dugc tim thay khu viic xung quanh thanh thép. Vdi bé tong tron sgi thep,

12
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v&t nut thir cdp co thé dugc quan sat t3i tat ca cac mat cat nut

Tuy nhién, do su linh hoat cha sdi thép trong bé tong dudc sif dung ma
viec tinh toan b réng vét nitt chi cd thé xac dinh trong digu kién nhat dinh.
Chiéu réng vét nut co ngudn géc tir bién dang - (ing sudt co thé danh gia bang
phudng phap tinh toan.

2.9 B moi, tai lap

Bé tong tron sai thép co nhigu uu diém trong viéc khang su hien dién sy
mai, dac biét déi vai anh hudng thang géc, truyén Iyc déu xét theo moi mat cat
va cai thién sy md rong vét nit (xem phan 2.8 & trén), tat ca dudng nhu dé'tang
cudng cho kha nang chang moi cua cau kien. Bigu nay dudc kiem nghiém nhieu
trong thyc t€ chang han nhu tai giao 16 véng xuyén, dudng cao tdc, cic tim
mong da thiét bi, hay nén mang may.

Ham Iudng sgi thép va hoat ddng cua sai thep trang bé téng <& anh
huéng nhiéu dén viéc han ché su moi. Sgi thép gitip cau kién gia tang sifc manh
sau khi nit, do do tang cudng kha nang chéng, mai. Su tang cudng (ing suat co
thé do su uén gay ra bai mo men trong bé tong trén sgi thép hay hé két cau
g8i, nhu hé trén nén dan hai hodc hé gdida.

Auber d3 nghién clu va dua vao tinh toan kha nang chiu maoi cda cdu kien
bé tang co sgi thep trgn vao.

Kha nang chiu moi clia bé tong trén sdi thép theo bigu dé quan hé S-N
gilfa S, he 6 (fng suat pha hoai va N- <& [an |ap tinh theo dan vi thdi gian

S = hé s0 Ung xudt = f./f

fina 2 Ung sudt pha hoai [an nhat

fr: Ung suat chiuv won cho tinh tai

N =.sd véong/lan

13



Cong ty TNHH Xay Dung va Thuong Mai Auber
54 38 Budng 54 2, Phuédng 5 Quan 8§
Thanh phé Ha Chi Minh

AUBER S
AT e Website: htto://auber.comayn
090 Fr—y— | S S B B R T T T 7 T
in F _
g u D |
& B i
o 0.80 - -
o F .
o -
@ [ S=f M =a+bxiog, N ]
Gomo 2= 1.0401 s o
3 - b=-0.0575 ’
> B (a) i
u_ﬂu i i | i 1 i i | i 'l i 1 l i '] L L I 1 i
30 4.0 B0 &0

VALUE OF kg N}

Hinh & -Bidu da quan hé gitra 5-N cho theo ham lugng sdi
2,10 Tai va dap, tai déng

Kha nang chang lai tac dong bén ngeai dude tang cao khi cau kién co
thém sagi thép gia cuting. Nhigu thi nghiém dude thuc hien dé mo phoeng phan
phéi luic phan bo déu hay luc tap trung, tac @6ng cling hoac mém, & téc do cao
hay thap, c xem xét dén tai tinh hay déng trong chu ky duy nhat hoac tham chi
nhigu tac déng déng thai. Tac déng cé the 1a tirvien dan (clng, tac déng diém
duy nhat, toc dé cao), séng xung kich (chu trinh don, phan bé déu), hoac cac
khai roi xudng (di€m duy nhat, mot hoaenhiéu chu ky, téc do thap).

B w Da Hardened Sl Bl

Noia Fres M Datwsen

nl el poE
TR N, D e B

i1 Bl v

= 3 e Tl i Dhesd Bas

P EaEw M. Bar

IR 1T Bar

Hinh @ - Thi nghiém chiu tai vo dip

Trong mei trudng hep, cdu kien bé tong tron sgi thep tang cudng kha
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nang chiu tai so v&i cau kién bé téng ddn thuan.

Su két hop bé tong tron sdi thép vdi thanh thép truyén théng dac biét
hiéu qua trong chéng tac dong cla tai lap (ndi tri an quan doi hay (ing dung
trang cang nghiep).

Nhirng lgi ich cla bé téng tron sgi thép:

Giam nut vo va ro bé mat tam
- Hap thy nang lugng tang (kha nang chju tai lan)
Tang kha nang chiu tai khi xuat hien vét nut dau tien
- Tang kha nang chiju tai sau khi xuat hién vét nirt
Tang kha nang chang xam thuc

Cung vai dac tinh nay cua bé tong tron sgi thép, kha nang tiép nhan sdm

Ung suat trudc khi nit cla sgi thép trong cac thi nghlem uén dam tinh/ uon

tam tang dang ké khi chiu tai tac déng. Nhitng cai thién nay la hoan hao so vdi
cau kién bé téng don thuan.

211 Co ngét, tir bién

Khi hoat déng dai han, bién dang do co ngét, ti bién & trang thai gidi han
st dung (SLS) dugc xem xét tdi. Vi thuc nghigm, Auber kiém tra vdi suf gia tang
cham cua do vong khi st dung be tong tron sdi theép.

Hunvsielity granlisnt " Cracks

Edge lifling e %:,tl i
e i | o Nilling

s oy L 1.. w ¥
Ll T i i-" .J" Ve
kI gicon o e
o e I el ) w i
S G5 E R el
" Bond betwesn overiay
and substrate

Hink 10 - Tac dung gdy nut cua co ngot cra san trén nén (Carlswdrd, 2006)

212 Do ben

Cac muc trudc néi vé tac dung cua sai khi nit, maoi va tac dong dugc giai
thich, cai thién hiéu sudt lam viéc cdu kién sé tu déng tang dé bén.

Dai vdi cac thiét k& két cdu, do bén doi hoi digu kién moi trugng hoac phu
hgp hoac chiéu rong vet nit nho. Bé tong tron sgi thep la lva chon phi hgp
dap lng yéu cau trén. Be tong tron sci thep s dung sdi thép de bao vé cau
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kién ti an mon, dac biét 1a trong mot moi trudng khac nghiét. Chigu réng vét
nut thiét ké tai uu, tat nhién, phuy thudc vao loai sgi va ham lugng sgi thép.

213  Kha nang chiu nhiét

Mac du trén thue té bé tang khong chay, nhung no chua bao gid 1a vat liéu
chang chay t6t Da am cd trong bé téng can dé thoat khai ma trén nhu hoi
nudc. Néu hoi nudc thoat ra nhanh han kha nang thoéat trong cau kién bé ting
thi s& xay ra nd. Tham chi néu n(t va chi anh hudng tai khu vigc gan vai bé mat,
né van co thé tiép xac vdi thép gia cudng mot cach nhanh chéng va truc tidp
vdi lifa. Thep khi nong chay, kha nang chiu tai cia két cdu nhanh chong bién
mat. Su' pha hoai xay ra, bdi vi cutng do chiu keo cia thép giam dang ké khi co
su gia tang nhiet do.

Sai thép, khi cé ham lugng binh thudng, khong lam tang dang ké dd dan
nhiét cia bé tong, tudng tu nhu anh hudng dan dien cla ching(chudng 2.14).
Khéng giéng nhu cot thép, cac sdi dude phan ba khap. Cac sai lién tuc khong
lién tue, cing khang tap trung tai mot [6p mong gan bé mat nén khéng phai tat
ca cac 50i deu gan vdi nguon nhiet. Do do; nguy.cd mat kha nang chiu luc caa
tat ca cac sdi thep cing mot lic dudc be qua.

Tuy nhién, cac sdi thép khang thé baawve bé tang khai sur suy giam nhiét.
Co nhitng thyc nghiém cho thay sgi thép lam giam sy nut do nhiét. Nhung sgi
thép chi nén dudc xem nhu la mot bién phap bé sung dé tang cudng kha nang
thoat hai nudc. Néu tang kha ndng chiu Ila |5 can thiét, viéc bé sung cac sdi
polypropylene, mét su lya chon phi hap cot liéu va thanh phan bé tong nén la
lwa chon dau tién.

214 Po dan dign va khing tro

P dan dignva dien trd suat cha bé tong dong mbt vai tré quan trong, noi
tlr trudng co thé lam gian doan tin hiéu (xe hudng dan) hoac tac ra cac digu
kién khong an toan (chéng chay na). Bién trd sudt cling rat quan trong, noi bé
tong ¢at thep s& dudc tiép xdc vai digu kién an mon, 16 kéo dong chay sé dé
dang han'trong bé téng dién trd suat thap.

V@i ham lugng xi mang thap, su dung pozzolans chat lugng tét va tranh sy
xuat hién clia cac mudi vé ca ion hoa sé dan dén dé dan thdp hon va dién trd
suat cac han. Hieu Ung nhigt do rat quan trong, nhd do nhiet do cao lam cho
dién trg suat cua beé tong thap.

Them sci thep sé khong thay dai dién trd suat hé tong, va tinh dan dién
trong bé tdng. Cac sgi nay cing khong lién tuc va nam theo ba chiéu trong bé
tong.
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3 HESO AN TOAN
3.1 Yéu cau mre dé an toan

Muic do yeu cau ve an toan cd ban phu thudc vao cac nguy ca tiem an doi
vai sUc khde, tinh mang cla con ngudi. Van dé maéi trudng, tai chinh cling ¢é
thé co mét s6 anh hudng. D4 cling la Iy do tai sao mirc dé an toan can thiét cho
cay cau la cao hon so vdi nén nha cang nghiep dién hinh. Xay dung tiéu chuan
thuong phan biet gida

- Ca 54 ha tang quan trong (vi du bénh vién)
- Cong trinh két cau thang thudng (vi dy nhu toa nha van phong)
- Cong trinh gquy mo nho (vi du san nha céng nghiép)

Lién quan dén bé tong tron sgi thép cac tiéu chudn thiét k€ van chua co g
mét s& nudc, tham chi chua cd nhiing dé xudt ca:ban, dién hinh nhu a Viat
Mam.

(0 day Auber s& ap dung tiéu chudn Eurocode 2 dé xép mic dé quan
trong cua cong trinh. Thy thudc vao Ung dung thue t8. Trong trrdng hop nay, tat
ca cac khia canh ki thuat va phap Iy €an phaidudc xem xét ki. Cac ki su can
phai ¢d du kién thuc va kinh nghiém lién quan dén két cdu va cau kién bé téng
tron sci thep.

Cing ca nhitng dé xuat chung khuyén he sa vat liéu cho sgi thep tir 1.25-
L.5. Tuy nhién, na chi cha phép vigc si dung be tong tron san, két hdp vai quy
trinh kiém soat chat che néi b va bén ngoai. Quy tac thigt ké cu thé da dudc
theo sau va cac yéu to khac ngoai yf phai dugc ap dung. Theo dinh nghia trong
pham vi, khong.ap dung chao cac thiét ké cia san cang nghiép, ma viéc thém sdi
tai cho dugc chap nhan.

0] day, hé s0 an toan vat lieu dudc ap dung phu thudc vao ham luang soi
thép va vao viec chon ché da kiém soat chét lugng san pham. S dung thiét bi
trén tien tién cung vai hé théng kiém seat chat lugng cla riéng Auber, sé tidt
kiém ham lugng sai hon theo yéu cau vé an toan, sé co hé sé an toan tudng
trng nhu bang

vi=15 Ham lugng théng thudng dé tai chd

Tu dong do tai chd, kiém soat ndi b dé déng nhat va
chat lugng, thi nghiém tai tram tron va chirng nhan chat
lugng cua Auber

Y = 1.3

17



Cong ty TNHH Xay Dung va Thuong Mai Auber
54 38 Budng 54 2, Phuédng 5 Quan 8§
Thanh phé Ha Chi Minh

AUEER S
e Website: httg://auber.comun

Vi dy vé& hé s6 an toan luon dugc xem xét trén thiét k& tdng thé va khong
can cu trén duy nhat yéu doc 1ap nao. Auber s& xem xét theo kinh nghiém céac
cong trinh ting lam dé ho tra lua chon chinh xac hé sa thiet ke

3.2 An toan trong thiét ké

Mat khai niém an toan luén luén bao gém nhiéu yéu 18 hon "chi 13" y8u té
an toan va céng thirc thiét ké hoac phuong phap ti€ép can thiét k&, Tai liéu thich
hop, cac van ban ky thuat citng nhac, ki€m soat chit lugng day da, ca vé vat liéu
va thi cong, giam sat cong trudng va thuc hién diang theo ké hoach a nhiing
yéu té guan trong trong bat ky khai niém an toan.

Chudng 4 sé tap trung vao viec kiém soat chat ligng cua cac sdi va be
tdng tron sgi thép.
4 KIEM SOAT CHAT LUQNG

Kiem soat chat lugng la mot yéu to thiét yéu trong viec cung cap ket cau
an toan va bén ving. Mac du sgi thép dude.eung cap nhu maot phan cia bé
t6ng, kiém soat chat lugng khing duge bé qua. Treng nhiéu trudng hgp mét vai
budc don gian la da dé kiém tra xem cac yéu cau co lien quan déu dudc dap
u'ng.

Lién quan dén bé tang trén soi thep, digu quan trong dé biét dudgc la:

- 5cfi & cac chimg chi véu cu cht Irang

- Bung loai sdi ducgc sU dung

- PUng sd ludng sitdunag

- Cac soi dude phan bé dong deu

Quy trinh ki€ém soat chat lugng co thé dugc tép trung vao vat ligu va/hoac
kiem soat qua trinh. Kiém soat vat lieu chu yéu tap trung vao viec kiem soat cac
thudc tinh eda san pham. Thi nghiém xac dinh (ing suat trudc khi ndt sé 13 lua
chon cha cach lam nay. Thong thudng, mat bé mau thi nghiém (mau dam...) vai
ham luang sai thep nhat dinh sé dudc thi nghiem.

Vi Auber, thi nghiém udn dam bé tong tron sgi thép bang thiét bi cua
Matest

4.1 Chat lugng sgi thép

Hiéu sudt ludn gan lién vdi ché dé kiém soat chat lugng ap dung cho mét
san pham. Sgi thép khéng ca ngoai 18 & day. Cac tiéu chudn quéc 18 dé kiém
soat san xuat va chat luong cla cac sgi thép gia co bé tong co san, chang han
nhu EN 14.889-1 va ASTM A 820/ A 820M-D4.
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V@i digu kieén hién tai g nudc ta, Auber sé ap dyng cac tiéu chuan ASTM
vao cac cdng trinh clia minh. 1SO 9001 duge chimg nhan va kiém soat chat
lugng thee cac yeu cau cla tieu chuan va phe duyéet la mot digu toi thieu phai
chap nhan ngay nay.

4.2 Chat lugng bé tong

Su dung sgi thép chat lugng cao la budc dau tien hugng tdi chat lugng
cac bé tong tron sgi thep. Tuy nhién, vadi két cau bé tong tron sgi thép can co
mét 56 chi dinh chuyén biét nhu vé cip phdi, ham lugng nudc/x| mang, dé syt

Auber sé tu van va chi dinh 16 rang cho tirng hang muc cong trinh, muc
dich st dyng cy thé.

5 BE TONG TRON SOT THEP (SFRC) KHI CHIU UON

C tai liéu nay, AUBER trinh bay mét trong nhifng ly thuyét cia SFRC, dua
trén tiéu chuan Eurocode va cac thi nghiém thuc'nghiém lién quan

Hinh 11 - Thi nghiém uon dam

Kha nang chiu udn cua cau kien SFRC dudc theé hien qua bieu do tai-bién
dang trong thi nghiém thuc nghiém, thi nghiém uén dam xac dinh "Ung suat
udn du’ nhu hinh @ duai
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Hinh 12 - Biéu do tai tac dung-bién dang

Trong hinh trén co hai gia tri Ung sudt uén thuang dugc dé cap, dung
trong thiét k€ Gia tri dau tién, la ung sudt udn cyc han(hoac pha hoai) F.. Gia tri
thd' 2, (ng suat udn du trudc khi nit Fa; tudng Ung vai gia ti md rong vet nat
CMOD; = 0.5mm.

Hinh 13 - Cam bign do md rjng vet nut CMQD

Bé tong tron sgi thep, SFRC dugc xem nhur vat ligu composite nén co tinh
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déo (tounghness) khi chju udn. Vdi tac dyng cla tai tinh, tinh chat udn deo
SFRC dugc ghi nhan, xac dinh |a phan dién tich phia dudi clia biéu dé tai trong -
bién dang @ trén, gia tri dién tich nay chinh la nang lugng héip thu clia SFRC khi
50 sanh vai tal ngoai tac dyng

C6 nhigu phugng phap tiép can thiét ké dude dua ra. Do do, <é rdt quan
trong dé hi€u dudc nhitng nguyeén tac thiét k& cla bé tang trén sgi thép chiu
udn.

5.1 SFRC, Bé tong trén sgi thép (khong két hap thanh thép)

Nhu da trinh bay & trén, kha nang cua bé tong tron sgi thep 1a kha nang
chiu udn ngay ca khi mat cat bi nit, vu diém so vdi cac leai vat lieu bé tong
khac. Ung dung thanh céng nhat la cdu kién Ung dung tng sudt trudc khi nit
trong gia cudng bé tong dan thuan hay thay thé Ung U cda bé tong cot thép
truyén théng.

Do SFRC dudc xem nhu vat liu composite nén cé tinh deo (tounghness)
khi chiu uén nén md hinh “dudéng déc” (Yield-line theory) dudc ap dung cho cau
kien be tong tron sgi thep.

San trén nén, san trén cac la nhiing cau kien si dung SFRC higu qua
5.1.1 San trén nén

AUBER da co giai phaptoan dién cho san trén nén si dung SFRC két hgp
st dyng mé hinh Yield line va thi nghiém thurc nghigm: vira kiém tra cuong dé &

giai doan cuc han (ULS), vira kiem tra kha nang chong nit & giai doan st dung
(SLS)
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Hinh 14 - Mgt bing va mdt cat Tai phdn bo vd yang anh hudng cua tai (én dat nén
Vot a, ban kinh tudng duang dién truyén téi: ¢ bén kinh déo clia san SERC; b, bdn
kinfi phdn lifc ddt nén e san SFRC

< giai doan cyc han (ULS). moment udn xudt hién trong san trén nén theo
ly thuyét dudng déo dudec mé té nhu hinh dudi

M i M, moment cuc han :

M.: moment theo mo hinh déo

E Pudng 1: mo hinh tdm dan hai vdi
“ E moment dudng cuc dai {phia dudi)
:

Bu'dng 2: mo hinh déo vdi moment
am cuc dai (phia tren)

Pudng 3: mo hinh deo vdi moment
am va ducng phan bé can bang [ma
hinh Yield line ap dung cho SFRC)

|

Hinh 15 - Moment phdn 03 trong san trén nén khi chiu tai tgp trung

AUBER cling cung cap thiét ké so bd cla san trén nén SFRC béng cdng cy
triic tuyén “Design tool” trén trang web cda ching tai http/fwww aubercom.vn/
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Ngoai ra SFRC <o logi san bé tong trgn sgi thép “khong can khe ndi”
{“jaintless”) trang nén nha céng nghiép ca thé dugc xem xét, nén nha khéng co
bat ky khe cat (saw cut joints) voi khe nai thi cang (CT)) tai canh tam kich thudc
|&n t 30-40m.Loai san nay dugc ua chugng tai nhidu qudc gia, djc biét |a cac
san tai khu giao nhan hang va nha kho.

Hinh 16 - Nén "khdng cén khe néi{j.,{"fﬁmtj_g&t") nha kho, 38mx38m

San bé téng tron sgi thép c6 loai “khéng can khe ndi” (“jointless”) yéu cau
mot thiét ké tong thé va chi tiét nham cfé giam (ing suat dén murc toi thidu. Mac
du su nit khéng thé tranh khéi trong moi trLIdng hap, no kiem soat theo kinh
nghiém bé réng vét nut. nh”ﬁu khﬁ nang s& nam trong khoang tr 0,3 mm dén
0,5 mm - dieu thu»::rng gap’ﬁ'un‘g nen nam trén dat,

Tuy nhién, s& ;:::- nhﬁu yeu cau khac phai dugc thiét ké cho mét chiéu rong
vét nut nhat dinh Em du, yéu cau nho han 0.3mm), dac biét 13 (ing dung trong
két cau. Mt thigt ke can chigu rong vét nit co thé can phai dude xac dinh de
ngan chan syan mon sqi thép hoac yéu cau thdm my, dam bao dé kin khong
cho nudc u'&a hu‘é-:: bao vé tU cac chat dac hai. Trong nhing trudng hap hay, cac
sdi thép/co the két hap vdi cac thanh thép gia cuting truyén théng.

Theo ca hai thuc nghiém va nghién ciiu da ching minh rang cac sdi thép
la mot su lua chon tai vu cho viec chéng vét nit md rong. No co the la bé tong
tron sai thép hoaac két hop vdi cdt thép truyén théng: két cdu chac chan sé dat
hiéu qua cao.

AUBER da tham gia vao mét s& dy an nghién ctu va da cé kinh nghiém
thirc t& trong mdt loat cac dif an.

23



Cong ty TNHH Xay Dung va Thuong Mai Auber
54 38 Budng 54 2, Phuédng 5 Quan 8§
Thanh phé Ha Chi Minh

AUEER S
s S e Website: httg//auber.comyn

512 Santrén coc

San SFRC trén & ludi coc cé kich thudce I1dn nhat 6m, moment udn trén san
theo mat bang va mat cat & dudi;

Internal

)

|
N [ N —
|
|

b = side length
o diameter

(b
| I
Hinh 17 - Mdt bdng sdn trén coc
UDL, q
! 9L Yieldline M.
] B ! by
cilt > fraye

y
P

Effective span L,

Hinh 18- Mgt cat dudng moment uén trén san giia hai coc

AUBER cling cd giai phap cho san SFRC trén cec theo ly thuyét déo, va
ki€ém tra kha nang chiu tai cla san tong thé (mechanism I) va cyc b quanh coc
(mechanism II) (nhu hinh ¢ duai)
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Mechanism I
4 (a2 dirﬁﬁnn)

o [ 71| L e R | e

r’ Mechanism Tl—,

! L
= i1
., ..\_1...._._._._._._._._,. P _|_" v -,
o -
| S
. 1

SRR [P SR e . ; | X
RV bR
b
| L
(a)
Mechanism | g
— ¥ dlirection)
= E\
Mechamsm l’l-:\ : H‘é
Sim
= |,
. 7 I.\ X
i

(b)
Hinf 19 - Mdt bti._n;g_ s&nfﬂ' iri mechanism [ va Il theo hai phudng Xy

Uu diém cla giai phap'nay savdi san co 2 1dp cot thép, phai bom bé tong tir
ngoai khu vuc 55'&}@0. San SFRC trén coc thi cdng nhanh han, do khang cé
thanh thép néndé dang do bé tong tai chd trong khu virc san (xe bon di vao dé
dang).

.....

5.2 SFRC, Bé téng trén soi thép két hap thanh thép

Nhu da dé cap d phan trén, sgi thep va ludi cot thep thong thudng dugc
st dung dé gia cuong bé tdng mot cach co hiéu qua do kha nang chiu kéo hiéu
qua, khdng gay nut cho bé téng. S4i thép dudc thay thé cho ludi trong cac ting
dung san trén nén, san trén coc, cling nhu mégt 58 Ung dyung cy thé khac.
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Hinh 20 - Bé tdng soi thép tran kst hdp thanh thép

Bén canh do, AUBER gidi thiéu mat phueng an ngay céﬂg_\‘_frﬁ' nén phé
bién khi st dung cac giai phap gia cd két hgp, bao gom ca sdi thép va cét thép
thang thudng. Su két hop hai kiéu gia ¢6 nay |a giai phap canh tranh khi thiét ké
cho ra két qua vdi kha nang chiu tai téi uu mong mudn, suddi mai nay da dugc
thuc day bdi viéc két hap cac Iva chon gia ¢d kéthap va bién phap thi céng phi
hap. '

AUBER da co giai phap cho SFRC két hop thanh thép cung vdi thi nghiém
thuc nghiem cho ra kha nang chiu tai'két cautheo dieu kien tai han (ULS) va
diéu kien sif dung (SL5) (chuyén vi, ndt.,..)

Stress Strain
0.85f, 0.0035
039k
N QLS
61k
NA ——— e = = = 3
l I U-I
i ﬁ,-? h I
(LE7TTh 3 '
2 —_— q——L.
1 T.r I
TI
o — — —
" 0025

Hinh 21 - Bidu & ting sudt-bign dang trong cdu kién SFRC két hap thanh thép
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6 BE TONG TRON SOI THEP (SFRC) KHI CHIU CAT

Sai thép trén vac bé téng nadi chung 14 tng kha ning chdng cat clia cau
kien bé tong. Nhieu nghien ciiu cha thay SFRC cd nhigu uu diém khi dung de
tang hoac bd sung cho thép dai trong dam:

1- SU phan bd ngau nhién cla sgi thép trong khai bé tang 1am ching co
khoang cach nhd hon nhiéu so voi thép dai do do vét nit s& dudc chia
ra phan bé déu, bé réng vét nit s& giam

2- lJ'ng suat keo trudc khi nut va kéo tai han dugc tang khi co sgi thép
trong bé tong

3- Ung suat cit do ma sat mdi sgi thép tang do kha.nang giif lai va sdi
thép ndi hai bén vét nut

Dai vai luc cat lan, thém thép chiu cat nhu thép dai 1aican thiét. Khi co
thém sai thép thi sé giam khoang cach va/hoac giam dudng kinh cua thép dai.
Kinh té€ nhat |a sé dung toan bo sgi thép dé chju €at cho gau kien.

6.1 Chiu cat

Thém sgi thép vao cau kién khong co thép dai chiu cat lam cho sy pha
hoai & trang thai déo =& nhu truéng hgp co thep dai.

Tac déng cla cac sgi thép 1én kha nang chéng cat co thé dugc giai thich
do cac sgi thep tai vi tri nit duy tri lien két gilia cac cap phai trong bé tong, va
lam xuat hién cac luc dog tham gia'vao can bang luc trong nai bd cau kien.

AUBER sé cung.ap dé hd trg ban thiét k& va lua chon giai phap ding dan
cho cau kién chit cat.

6.2 Chong xuyén thing:

Kha nang _chﬁﬁg xuyén thung cia bé tong tran sgi thep co co ché ciing
giéng nhy nhing giai thich @ muc 6.1 phia trén.

Dol vai sgi thép gia cudng tdm bé tong trén nén dat, mét trong nhing
Ung dyng quan trong cia bé tong trén sgi thép, thi kha nang chdng xuyén
thing khong dudgc coi trong nhu kha nang chéng uén. Do nhu cau bi phan tan,
thong tin dau vao khang day dd, kha nang chéng xuyén thung cua bé tdng tron
s thép la duy nhat, cho ca luc cat va mo men uén,
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Hinfr 22 - M@t cat & mdt bang tal tde dunag len 60 trén nén

Cac thi nghiem da xac nhan kha pang chiu uon dudc xem nhu gia tri chu
yéu khi co su pha hoai trong nén bé tong tron sgi thep. Véi cau kién co ham
lugng thép khoang 0.1%, kha ndng chiu.uén ludn quyét dinh so vai kha nang
chiu cat khi pha hoai. Vi mau bé tong don thuan, su pha hoai don ngay lap tic,
trong khi v&i be tong tron sgi thép su pha hoai & trang thai chay déo.

7 TONG KET

Nhiing loai két cau phi hop vadi bé tong tron sdi thép, pho bién a Viet
Nam:

1- San trén nén, duding, bai container (SFRC)

2° 5an trén coc (SFRC)

3- Mang bang, mang bé, méng thiét bi, mong bé chia nhién liéu (SFRC & thanh
thep)

4- San chiju tai cifc nang, chiu va dap (SFRC & thanh thép)

Auber nghién clu chuyén va dua vao thyc tién ap dung cho san trén nén
cua nha cong nghiép va nén dudng clng. Bé tong tron sgi thép ap dung cho
nén nha cong nghiep va nén dudng cling rat thong dung & nhiéu nude, phudng
phap thiét ké dya trén thu'c nghiém (cac thi nghiém xac dinh hé s8) cung vdi gia
dinh mé hinh cy thé cho tudng tac gilfa tdm clng va nén dudi tdm (lop
subbase).
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Thong thudng viéc xac dinh ung suat phan bé trén nén dan hdi theo
phuang phap Westergaard, dya trén ly thuyét dan hai. B4i vai bé tdng tron sgi
thep, ly thuyet lai la bién dang deo (Yield line theory) tiep can thiet k&, cho toi
uu vé mat kinh té.

O Viét Nam, san cong nghiép dudc coi la két cau thir y&u, khéng quan
trong nhu cac loai ket cdu khac. Hau qua | thigt k& vdi hé sa an toan hoan toan
khéc vai cac loai két cdu khdc. AUBER dua ra hé sé an toan theo chudn quéc té
ma van dam bao tinh kinh té phi hgp & digu kién Viét Nam.

San tren nen Thiet ke truyen thong [be tong Giai phap cua AUBER (be tong trén sdi

ot thép) thép)
T4i trén san g = 10 kN/m* q = 10 kN/m*
(cing tai
trong)
Cau tao lop Chiéu day san: 200mm Chigu day san: 180mm
san Thép : D10-200 (12.96 kg/m") Sgi thep: ham lugng 20kg/m” (2.6 kg/m?)
Gia thanh 473,226 vnd/m* 342,000 vnd/m’
(tham khao} {Gia thanh giam -38%)

Ngoai viéc dua ra thiét ké phl hgp va chi tiét chinh xdc, can co thém cac
yéu ciu vé nén dat phai dugc dam chat, tay nghe thi cong cao, bao duéng can
than.

Khi thi c&ng, so v&i san be tong cot thep thong thuong, khong co ludi cot
thép nén xe dé bé tong tron sgi thép dé dang d6 (khang can tranh ludi thep),
khiing lo lang sap xEp thanh thép ding vi tri nhu thiét ké. Bé tong tron sgi thép
cho phép thi cong nhanh han va khéng gay can trd cac phuang phap nhu lang
nén su dung tia laser, do d6 cai thién téc do va chat lugng thi cong.

Nhitng uu diém d trén va mat so yéu to kinh té da thuyét phuc rat nhigu
chu dauty trén the gidi, nhitng nha san xudt trong nudc hodc cac cong ty da
quéc gia.

Auber hé trg chi tiét lién quan dén thigt k&, chi tigt dién hinh va trinh ty thi
cong tieu chu@n quac t& cho bé tong tron sgi thep ap dung cho nén nha cong
nghiép va nen dudng cing.

Chiang tdi cung cap bao cao thiét ké va nhimng thi nghiém lién quan sé
cung cap day du che khach hang nhu minh chiing cho chat lugng san pham cua
Auber.
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Prepared by Nguyen Hoa, founder/manager of Auber Co., Ltd.

This design guide is copyright. Reproduction of the whole or any part thereof must not
be made without the express permission of Auber Co., Lid

Infarmation in this guide has been prepared by Auber®© based on generally accepted
design rules, techniques, theory; experiment testing result and experience on building
construction. It is intended for use by qualified structural/civil engineers and although
true and accurate to the best of our knowledge no warranty is given or implied in
regard to any particular design unless expressly provided in writing by a designated
representative of Auber.
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