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TGM TAT

Be tdng siéu tinh ndng UHPC |a mét loai bé tang tién tiéh vai lich sir hink
thanh va phat trién trén ba muoi ndm. Cac thanh phén trong bé tang siéu
tinh nang UHPC dugc t6i vu hda mét cach nghigm ngat dudi ti [@ nudc
trén xi mang nha hon 0.25. Nhiv céc dic tinh co hoc va da bén vugt trdi,
be tong siéu tinh ndng da dugc tng dung rang rai dudi nhiéu dang ket
céu khac nhau. Dic bigt, loai vat ligu nay rédt pho hop cho céc ket cau
chiu tai trong lan, nhip lén va dudi diéu kign mai trugng khdc nghigt nhu
an man hay xam thyc. Vai myc tieu thac day su hiéu bigt va tang cuang
viec img dung |oai vat ligu ndy vao thyc tién xay dung & nudc ta, nghién
ciru hién tai trinh bay tong quan, thuc t€ vé viec (ng dung bé tang siéu
tinh nang UHPC trong cac két céu dam nhip lan.

Tir khda: Bé tong siéu tinh nang UHPC; dam nhip lén; dém hap du
irng lre; cép phdi.

ABSTRACT

Ultra High Performance Concrete is an advanced concrete that has
been developed over thirty years. The components of UHPC are
rigorously optimized with a water-to-cement ratio smaller than 0.25.
UHPC offers a wide range of structural applications because of its
outstanding mechanical properties and durability. This material is
particularly suitable for structures that are subjected to heavy loads,
long spans, and aggressive conditions such as corrosion. With the aim
of promoting understanding and enhancing the application of this
material in the construction sector in Vietnam, the current research
provides an overview and practical insights into the application of
UHPC in large-span girder structures.

Keywaords: Ultra high performance concrete; larger-span girders;
prestressed box girders; mix design.

1. THANH PHAN VA DAC TiNH CO LY CUA VAT LIEU UHPC

Hén hgp clia bé téng siéu tinh nang (UHPC) thudng bao gom
cac thanh phan co ban: xi mang, silicafume, silicafloor, tro bay, cat
hat min, chat khr nudc va mot lugng phu hgp sgi thép hoac soi
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téng hap [1,2]. Trong hén hgp UHPC, cét liéu thé dugc loai bd hoan
toan dé dat dugc dd déng nhat trong ma tran vat liéu. Thanh phan
cdp phéi ctia UHPC dugc t6i uu bang cach sir dung nhiéu loai hat c6
dudng kinh khac nhau, gitp tang kha nang lién két clia xi mang vdi
c6t lidu, gidam 16 rdng trong qua trinh dién ra phan tng thay hda,
qua dé gilp gidm do x6p dén muic thap nhat. Sgi thép trong hén
hop UHPC cai thién dang ké d6 bén déo va kha nang chiu kéo cla
vat liéu nay [3].

Hinh 1. Ma trén vt liéu clia bé tong thudng (a), bé tong cuong do cao (b) bé tong
siéu tinh nang UHPC (c)

Hinh 1 minh hoa ma tran vat liéu cla cac loai bé tong thuong,
bé tong cudng dé cao va bé téng siéu tinh nang UHPC [3]. H&n hgp
clia UHPC khéng bao gém cac hat cét liéu I6n, dugc phat trién
bang cach st dung cét liéu min véi kich thudc t6i da la 0,6 mm [4].
Hinh 2 so sénh ti 1&é nudc trén xi mang (N/X) cda bé tdng UHPC so
véi bé tdng thudng va bé tong cuong doé cao. Bé tong thudng co ti
& N/X Ién dén 0,6 trong khi ti 1& nay & bé tong cudng dd cao
khodng tur 0,4 dén o,3. V&i UHPC, ti [é N/X gidam xudng nhé hon
0,25. Viéc da dang thanh phan hat véi nhiéu loai dudng kinh khac
nhau két hgp vdi ti [& nudc trén xi mang rat thap giup tang cudng
dé dac chac ctia ma tran vat liéu. D6 x0p cla bé téng thudng la
khodng 10% [5], gia tri nay vSi UHPC c6 thé gidm xuéng 1,43% [6].
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Hinh 3.Cuong dd nén (a) va kéo (b) clia UHPC so vdi BT thudng [9]

Hinh 3 minh hoa dudng cong Uing suat bién dang khi nén va
kéo clia UHPC so véi bé tédng thudng [9]. C6 thé thdy cusng d6 cla
UHPC khi nén va kéo cao hon déang ké so vai bé tong thudng. Bién
dang ti d6i (strain) trong cac mau thi nghiém véi UHPC khi nén c6
thé dat t6i 0.008 va khi kéo la 0.006. Ung xu sau khi dat dinh cuta
UHPC cling cho thdy su khéc biét I6n so vai bé tong thudng, trong
d6 dudng cong Ung sudt-bién dang thé hién ung x déo (ductile-
behavior). Ung xt nay lién quan chat ché dén ma tran day dac va
ham lugng c6t sgi trong hén hgp ctia UHPC, gilp gidm tinh gion va
tang cuong tinh déo cla bé téng.

Hinh 4 so sanh d6 bén clia UHPC so v&i bé tdng thudng duéi tac
dong cta cac diéu kién thi nghiém khéac nhau (hé sé ti lé lay la 1
do6i vai bé tdng thuong) [10]. UHPC cho thay d6 bén vuot trdi so vai
bé tong thudng trong tat ca cac trudng hop. Vi dy, ti 1é chéng an
mon cda UHPC la 0.05 so véi 1 clia bé tdng thudng, tuc la kha ndng
ch6ng an mon ctia UHPC cao gap 20 lan so vai bé tong thudng.
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Hinh 4. D bén ctia UHPC 50 v6i bé tong thudng

2. TINH HINH UNG DUNG CUA UHPC TRONG CAC DAM NHIP
LGN TREN THE GIGI VA G VIET NAM

Dén nay, chua c6 mot dinh nghia chinh xac vé dam nhip 16n.
Khai niém dam nhip I6n sit dung trong nghién ctru hién tai dugc
hiéu 1a dam ¢6 nhip 16n hon 20m, theo dinh nghia cda Salahuddin
va déng nghiép [11]. Dam nhip 1én dugc st dung trong cac céng
trinh ha tang nhu cau, nha thi dau, nha ga san bay hodc cac céong
trinh cong nghiép, noi can khéng gian lién tuc véi budc khung I6n.

Tai My, dam nhip 1én dau tién st dung UHPC la cho két cau cau
Mars Hill 8 Quan Wapello, lowa (Hinh 5) [12]. Cau c6 nhip dai 33 m
vGi cac dam chir | du Ung luc cao 1,07 m. Mdi dam chiia 47 sgi cap
ung luc cé dudng kinh 15,2 mm méi sgi.

Hinh 5.Cau Mars Hill, lowa, USA

Hinh 6a minh hoa két cdu cau UHPC st dung dam hinh ch( pi
dugc xay dung & Buchanan County, IA, vao ndm 2008 [13]. M3t cat
ngang, nhu thé hién trong Hinh 6b, tuong tu nhu mat cdt chir T doi
nhung c6 cac mép dudi & udn cong ra phia ngoai. Dam chir pi c6
chiéu cao 838m va chiéu réng 2540mm.
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Hinh 6. Cau Buchanan County, 1A, USA (a) va mat cdt ngang clia cau
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Hinh 7. Toa nha cao tang New York City (a) va Leonard (b)

Hinh 7, cac tda nha cao tang ¢ My st dung két cadu dam nhip Ién
UHPC [14]. Toa thap Newyork cao 541m, véi cac két cau chiu luc
thanh manh, t8i uu hda khéng gian va gidm thiéu lugng vat liéu st
dung so vdi phuong an dung vat liéu bé tong thuong. Toa thap 56
tang Leonard, Manhattan la dang can ho trong dé cac tang dugc bé
tri so le nhau, khéng cé tudng ngdn chia trong céc can ho. Cu dan
c6 thé bé tri khéng gian séng theo y muén hodc két hgp cac can hé
theo chiéu ngang hodc chiéu doc.

Cay cau véi dam nhip I6n dau tién st dung UHPC & Canada la
cau danh cho ngusi di bé & Sherbrooke, Quebec [15], nhu thé hién
trong Hinh 8. Bay la mét dang két cau cau lién hgp UHPC va thép
dugc xay dung tir sau doan ghép néi ddc sdn véi nhip 16n nhat 1én
dén 60m.

Hinh 9. Cau Glenmore, Calgary, Canada
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Hinh 9 cho thdy cau di boé Glenmore & Calgary, Canada [16], su
dung dam du ting luc chir T dai 33,6m. Dam cau bac qua dudng cao
t6c tam lan xe ma khéng cé bat ky tru d& nao. Kich thudc 16n nhat
clia dam cau la cao 1,10 m va rong 3,60 m vGi 42 thanh thép du ting
lyc dudng kinh 15mm méi thanh.

Tai Phap, viéc ing dung UHPC vao xay dung cac két cau nhip
I6n cing dugc trién khai tUt s6m. Nam 2005, cau di bé Pont du
Diable bac qua hém nui gan Montpellier, Phap [17] da dugc xay
dung (Hinh 10a). Mat cit ngang cau gém hai dam hinh xuong cao
1,8 m véi ban bung day 120 mm (Hinh 10b). Cac dam cau dong vai
tro via la bé phan chiu lyc chinh vira cé chiic nang nhu lan can bao
vé. C6 15 doan duc san dai 4,6 m tuong dong tao nén két cau voi
téng chiéu dai gan 70m.
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Hinh 10. Cdu di bo Pont du Diable, Phdp (a) va mét cat ngang cau (b)

Cay cau Pont de la Chabotte & Phap [18] véi két cau dam dy
ung luc UHPC c6 nhip 47,40 m dugc tao thanh tir 22 doan duc sén,
trong d6 18 doan tiéu chudn, méi doan dai 2,44 m va 2 doan dai
0,59 m (Hinh 11). Két ciu cla cau nhe hon dang ké so véi phuong
an bé téng théng thudng. Trong dé khoi luogng bé tdng UHPC sut
dung chi bang 40% khaéi lugng bé tong I6p C44, cho phép hoan
thanh céng viéc 1dp dung trong thai gian rat ngan. Ngoai ra con
mét s6 cy cau tiéu biéu khac st dung dam nhip Ién UHPC c6 thé
ké dén nhu Pont Pinel véi nhip gan 30m hay Pont sur I Huisne véi
nhip dai 65 m.

Hinh 11. Cu Pont de la Chabotte, Phép
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Cong trinh nhip I6n dau tién st dung vat liéu UHPC & Nhat Ban
la cau bo hanh Sakata-Mirai vsi dam nhip dai 50,2 m, nhu minh hoa
trén Hinh 12 [19]. Cap du Ung bao gém 31 soi (duong kinh 15,2
mm). Chiéu cao mat cdt dam thay d6i tr 550mm dén 1650 mm &
gitta nhip dé dam bao dd véng I6n nhat khéng vugt qua ti 1é 1/600
nhip dam. Chi phi xdy dung cau nay tiét kiém khoang 10% so vdi
phuong phap st dung bé tong cét thép théng thudng. Ngoai ra,
cay cau GSE Bridge [20], Tokyo két cau chinh la dam nhip 48m hay
Tokyo Monorail [21] v6i ddm nhip 40m la cac cong trinh tiéu biéu
khac stt dung dam hop UHPC ting luc trudc.

Hinh 12. (au Sakata-Mirai, Nhat Ban

Hinh 13. Cau Seonyu, Seoul, Han Quéc

Tai Han Quéc, du an xay dung cau Seonyu, Seoul [22] la du an
I6n dau tién ing dung UHPC, nhu minh hoa trén Hinh 13. Dam chiu
luc 1a dang dam cong du Ung luc véi mat cat cha T kép. Chiéu cao
dam la 1,3 m duing cap du tng luc dudng kinh méi soi la 12,7mm.
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Hinh 14. Thi nghiém dam hdp lién hgp dy ting luc UHPC (a), mét cat ngang tai hai
dau dam (b) va tai vi tri gitia dam (c)

Hinh 14a minh hoa thi nghiém kiém tra kha ndng chiu luc cda
dam hop tng luc trudce lién hgp UHPC. Dam dugc st dung cho két
cdu cau duong sat tai Han Quoc [23]. Chiéu cao clia dam la 2m,
chiéu rong 2,5m. Tai vi tri hai dau, dam dugc bé tri 6 bo cap & phia
dudi. Mbi bé cap gém 22 thanh cap cé dudng kinh 15.2mm. G phia
trén gém 2 bé cap, méi bd cap gébm 7 thanh cap dudng kinh
15.2mm, nhu thé hién trén Hinh 14b. Mt c3t gitta dam la dang tiét
dién hop UHPC lién hgp vsi ban san bé tong cét thép théng
thudng véi chiéu day 240mm (Hinh 14c). Thi nghiém kiém tra kha
nang chiu luc ctia dam dugc thuc hién tai Vién khoa hoc va Cong
nghé xay dung Han Quéc KICT, cho thay kha nang chiu lyc I6n nhat
cta dam dudi thi nghiém uén bén diém 13 5048,19 KN tuang Uing
vGi d6 vong 444,8 mm. Hinh 15 minh hoa két cdu dam hop du ung
Iuc nhip 72m dung cho cau di bé tai Busan, Han Qudc [24], dugc
xay dung vao nam 2022. Ban mat cau réng 6m gém 3 dam hop cé
chiéu cao nhé nhat 0,75m va chiéu cao I6n nhat 2,6m. Dam gém 5
phan doan véi téng trong lugng 240 tan. Méi dam hép c6 24 sgi
cap vai dudng kinh 15,2mm cho méi sgi cap.

il '.\‘-' 4 '_
Hinh 15. Dam hgp UHPC 72m diing cho cau di bo tai Han Quéc

Dua vao téng quan vé viéc st dung UHPC cho cac két cdu dam
nhip I6n trén thé gidi, c6 thé thdy cac dam nay déu cé tiét dién
thanh manh, dugc két hap véi cap du ing luc @€ ddm bao kha nang
chiu lyc va giam dé vong clia dam. Cac nghién cliu gan day da xac
nhan rang viéc ap dung UHPC trong xay dung la kinh té hon so vGi
vat liéu bé tdng thudng [25,26], mac du chi phi cho mi m? vt liéu
cGa UHPC la I6n hon. UHPC c6 cudng d6 cao hon rat nhiéu so véi bé
téng thudng nén sé giam tiét dién mat cat ngang, qua doé giam khéi
lugng vat liéu st dung, tur d6 tiét kiém chi phi xay dung céng trinh.
Ngoai ra, d6 bén vugct troi cia UHPC gilip nang cao tudi tho clia két
cdu, diéu nay sé lam giam chi phi bdo dudng, stta chira, nhat la véi
cac két cau dugc xay dung ngoai trdi, dusi diéu kién an mon hay
xam thuc.

Tai Viét Nam, Ung dung céng nghé bé tong siéu tinh nang
UHPC cht yéu cho xay dung cong trinh cau dan sinh. TU nam 2016
dén nay da c6 khoang 50 cau UHPC dugc xdy dung & 17 tinh trén ca
nudc. Hinh 16 minh hoa cau dan sinh Nang An - Xuan Héi dugc xay
dung tai Ninh Binh [27]. Cau dan sinh UHPC véi cac dam chiu luc cé
nhip tir 12-25 m, ch( yéu la cac cdu dam nhip nho. Néu dugc phat
trién thanh cac nhip I6n 36m hodc 50m, thi téng gia thanh xay
dung cau sé gidam chi con 65-75% so véi cau st dung bé téng
thudng [28]. R rang, viéc iing dung UHPC dem lai hiéu qua 1én vé
mat kinh t&. Dy an I6n dau tién & Viét Nam st dung vat liéu UHPC la
du an stra chita mat cdu Thang Long ndm 2020, nhu minh hoa trén
Hinh 17 [29]. So véi tiém nang cua loai bé tong nay, ting dung vao
thuc té xay dung & nudc ta van con rat khiém tén. Nhiing han ché
lién quan dén viéc ing dung loai vat liéu nay vao linh vuc xay dung
& Viét Nam c6 thé ké dén: cong nghé vé san xudt UHPC hién van
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con kha méi [30], chi ¢6 s6 it don vi c6 thé san xuat va cung Ung loai
vat liéu nay, dan dén gia thanh san xuat cao. Ngoai ra, viéc thiéu cac
tiéu chudn danh riéng cho loai bé téng nay cing anh hudng dén
viéc thiét k&, thir nghiém va thi cong két cdu UHPC.

ity

Hinh 17. Dy an stia chita mat cau Thang Long béng UHPC

3.KET LUAN

Nghién ctu hién tai trinh bay nhing khai niém co ban lién quan
dén bé tong siéu tinh nang UHPC. Téng quan vé két cdu dam nhip
I6n st dung UHPC trén thé gigi cling nhu tai Viét Nam. Mét s6 két
luan c6 thé dugc rut ra ti nghién cu hién tai:

1. Bé tong siéu tinh nang UHPC dugc Ung dung rong réi tai
nhiéu nudc trén thé gidi, cho cac két cau dam nhip lén dén 70m.
Cac két cdu dam nhip I6n UHPC két hop cap du tng luc véi mat cat
ngang thanh manh dé gidm trong lugng ban than két cau.

2. Hiéu qua vé kinh té€ ctia UHPC so vGi bé téng thudng da dugc
chiing minh trong nhiéu du an. Két cdu nhip dam cang 16n, chi phi
xay dung céng trinh cang giam.

3. Tai Viét Nam, viéc ing dung vat liéu UHPC chl yéu cho cac
két cdu dam nhip vira va nhé. Han ché lién quan dén viéc ting dung
rong rai loai vat liéu nay vao linh vyc xay dung lién quan dén gia
thanh, cong nghé va viéc thi€u cac tiéu chuin lién quan. Trong
tuong lai, su tién bo clia khoa hoc ky thuat sé gilp gidam gia thanh
san xuat UHPC va su ra ddi cla bo tiéu chudn Viét Nam vé UHPC sé
tao déng luc mdi trong viéc tiing dung loai vat liéu nay vao thuc té
xay dung.
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