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TOM TAT:Bé tong tw dim cuong do siéu cao voi khd nang tw chay ldp day, chay vuwot qua cdc
rdo can cot thép mdt do cao, khong phdn tang va c6 cuwong do nén cuc cao da dugc ing dung cho nhiéu
cong trinh cau ham, nha cao tang trén thé gidi. Bai viét nay trinh bay ket qud nghién ciru t6i wu hé
nguyén liéu thanh phan cua bé tong ty dam cwong do siéu cao su dung 6t lidu nhé la cat tw nhién két
hop cdt nhan tao nghién tir da, sir dung cot liéu 1om la dd dam dén 10 mm. Két qua khao sat cho thdy bé
t6ng c6 dé chay xoé thay doi tir 525 mm dén 850mm va cwong dg nén thay doi tir 140 dén 170 MPa; xdy
dung dirge cdc phwong trinh mé phong anh hwéng ciia cdc yéu to thanh phan dén tinh céng tic va
cuong do cua bétong.

Tir khéa: bé tong cuong do cao, tinh tir chdy, kha ndng chay qua, khd nang chong phén tang.

1. PAT VAN DE [4][6]

Két cAu dim, dan, ban mit ciu cua cong
trinh cau 1a nhitng két cau lam viéc chiju tai I6n
va ddc biét 1a tai trong dong co tinh lap di lap
lai; cong trinh nha cao ting c6 hé két cu ting
dudi chiu tai trong tinh rat 16n va chiu dao
dong 16n do tai trong gio gy ra; va nhiéu két
cau cong trinh khéc cling lam viéc trong diéu
kién nhu thé; nhitng két cAu nay yéu cau vat
liéu st dung phai c6 kha nang chiu luc nén 16n
va c6 tinh déo dai cao.

Vit liéu thép dap ung duoc yéu ciu do
nhung chi phi xiy dyng ban du ciing nhu chi
phi béo tri va thay thé 13 rit 16n.

Bétong tu dam ¢co cuong do siéu cao la mot
loai bétong cé cuong do nén cuc cao va co kha
nang tu chay lén dudi tac dong cia trong lugng

ban than, ddm bao thoi gian thi cdng nhanh, it 6
nhiém tiéng 6n, di va dang dwoc nghién ciu
tmg dung tai nhidu nuéc c6 cong nghé xay
dung phat trién. Bétong tu dam c6 cuong do
siéu cao két - hop voi két chu thép cho phép tao
ra két cAu t6 hop bétong — thép tdi wu vé hinh
dang ciing nhu kha nang chiu luc, cac két chu
t6 hop bétong — thép nay ngay cang dugc img
dung rong trong cic cong trinh xay dung tai
cac nudc phat trién.

Tai Viét Nam, trén co s& ngudn nguyén vat
lidu c6 trir lugng 16n va chit luong tot duge san
xuét trong nudc, nghién ciru tmg dung bétong
ty dAm c6 cuong do siéu cao la can thiét, hoan
toan kha thi, c6 tinh kinh té - k§ thuat cao va c6
tinh Gtng dung quan trong trong ky thuét xay
dung ciu ham, dan dung, cong nghiép.
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Hinh 1. Dim c6 nhip 30m, sir dung bétong tinh ning siéu cao, Buchanan County, lowa, My.

2. NGUYEN LY CHE TAO BE TONG TU'
PAM CO CUONG PQ SIEU CAO [1] [2]
[31 [4]16]

Dé nang cao kha ning chiju tai trong cia d4
bétong can nang cao d¢ dac chéc cua cbt liéu,
nén da ximang, ving truyén bé mat cua nén da
ximdng va c6t liéu.

Viéc gia ting cuong do nén da ximang va
cuong do ving truyén bé mit giira nén da
ximang véi cbt liéu dwoc thuc hién trén co s6:

- Giam nudc nhao tron hdn hop bétong
(danh gia théng qua ty s Nudc/Chat két
dinh) dé giam t6i da 16 réng do nudc nhao
tron du thira tao ra.

- Gia tang luong san phdm calcium silicate
hydrate (C-S-H) cua qua trinh thiy hoéa
ximang, chuyén bét khoang portlandite
thanh khoang C-S-H dé lam ting d6 dic
chic cta cau truc.

Ngoai ra, dua theo chi dan thiét ké bétong
cuong do cao cua vién bétong Hoa Ky, ACI
211, khi cuong d6 nén yéu cdu cua mau tru
khong nhé hon 62 MPa (tic mau lap phuong
khong nhé hon 75 MPa) thi duong kinh 16n
nhét cua cdt liéu 16n (tirc 1a Dmax) tot nhit nén
1 9,5-12,7 mm, diéu nay cho phép tong dién
tich b& mat cbt liéu dat tdi wu va han ché su
suét hién vi niit ¢ trong hat khi gia cong dap
nghién ciing nhu do sy khong dong nhét trong
cAu triic hat c6t licu.
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Hinh 2. So d6 nguyén ly ché tao bétong cuong do cao

Bétong tu dam, véi nguyén 1y t6i wu thanh
phin hat cua ca hé nguyén lidu dé tao ra tinh
déo dinh cao va su sap x€p chat ché giira cac
hat, cho phép tao ra bétong cd tinh tu chay va
cuong do cuc cao néu két hop tbt véi nguyén ly
ché tao bétong cudng do cao.

Nguyén 1y co ban huéng t6i viée ché tao
bétong ty dim la:

- Gidi han ham lugng cbt liéu tho va gia
tang ham luong bt (bt ximang, bot
khoang siéu min lép diy) dé tang bé day
16p bot bao boc cac hat cdt licu tr do tang
kha nang lan trugt ctia cac hat cdt liéu,
nghia 13 ting tinh cong tac cho hdn hop
bétong. Bot khong chi toan 1a ximang ma
c6 bot khoang siéu min l4p day gitp 1am
giam nhiét hydrate hoa; d?)ng thoi, bot
khoang siéu min c6 tac dung lap chén kin
cac 16 rong trong nén d4 bétong lam ting
d6 dic chic cho ciu triic bétong.

- Dé tao ra 16p bot bdi tron day véi cac hat
bot min 6 ty dién tich bé mat 16n s& phai
dung mot lugng nudc 16n cho nhao trdn,
nhu thé s& dan t6i suy giam cudong do. Dé
khic phuc didu nay, phu gia siéu déo dwoc
sir dung v6i ham luong cao dé giam t6i da
lugng nudc nhao tron nhung vin dam bao
tinh ddéng nhit va lién tuc cho hén hop
bétong, va tur do gia tang cuong do cho
bétong vi khi nay ty sé Nudc/Chit két dinh
dugc ha thap.

3. NGHIEN CUU THUC NGHIEM

3.1. Nguyén vit liéu sir dung [1][3][4][6]

Dua theo nguyén li ché tao bétong tu dim
cuong do siéu cao da trinh bay, hé nguyén liéu
sir dung trong nghién ctru gdm c6:

- Ximing Portland c6 cudng do tudi 28 ngay
1a 54.3 MPa, khdi lugng riéng 1a 3.1 g/cm’,
d6 min blaine 1a 3250cm?*/g. Ki hiéu C.

- BOt khoang vo co si€éu min hoat tinh 1a bot
silica fume c¢6 khdi luong riéng 1a 2.2
g/em®, ¢& hat trung binh dén 10 micromet.
Ki hi¢u SF.

- BOt cét siéu min ¢ khéi luong riéng 2.65
g/em’, ¢& hat trung binh dén 30 micromet.
Ki hi¢u FP.

- Phu gia siéu déo gbc polycarboxylate, ty
trong 1,05 £ 0.02 (g/ml). Ki hiéu SP.

- C6t liéu nho:

o Nhoém hat tir 0.16mm — 2.5 mm la
cat song, khdi lwong riéng 1a 2.63
g/em’. Ki hiéu S1

o Nhoém hat tir 2.5mm — 5 mm la da
nghién, khéi luong riéng 1a 2.67
g/em’. Ki hiéu S2

- Cbt lidu 16n: st dung bt 1iéu 16n ¢6 Dmax
= 10mm la d4 nghién, khéi luong riéng 1a
2.67 g/em’. Ki hiéu CA

- Nudc nhao tron la nude sach diung theo
tiéu chudn nudc ding cho bétong, ximéng.

3.2. Bai toan cap phdi bétong [1] [6]
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Nguyén 1y chung ciia bai toan thanh phan
bétong la tong thé tich dic clia nguyén ligu sir
dung luén 1a 1 don vi thé tich (ly thuyét thé tich
tuyét doi):

VAggrcgatc + Veasie = Va+ Vp =1000

Cc | SF FP w SP
V + + +
7 aC 7/ aSF Y arp Y aw Y asp
- S1 N S 2 N CA
Y as Y as 2 Y aca
Trong do:

- Vaggregate=Va : thé tich dic cua cbt

liéu trong hdn hop bétong.

- Vpaste=Vp : thé tich hd trong hdn hop
bétong.

-C, Yac : khéi luong va khdi luong
riéng clia ximang.

-SF, yase : khéi luong va khéi luong
riéng cua silica fume.

-FP,ypp  : khéi luong va khéi luong
riéng ctia bot cat.

-S1,v.s1  : khéi lugng va khdi luong
riéng cuia cat S1

-S2,v.s2 ¢ khéi lugng va khéi luong
riéng clia cat S2

-CA,y,ca  : khéi luong va khoi luong
riéng cua cot ligu CA

- W, Yaw . khéi luong va khdi luong
riéng ctia nudc.

-SP,v.sp  : khéi lwong va khéi lugng

riéng ctia phu gia siéu déo.

Véi muyc tiéu 1a ti wu thanh phan hdn hop
cua bétong tu dam cuong dg si€u cao thi qua
trinh nghién cru can tim sy phoi hgp toi vu cla

cac yéu té anh huong. Phuong phép quy hoach
thue nghiém la phuong phap rat thich hop cho
qua trinh nghién ctru vé van dé nay.

- Ham khao sat la:
Y1 : d9 chay xo¢ slump flow
Y2 : cudng do chiu nén.
- Céc yéu t6 anh huong:
Z1 :ty s6 SF/C = (0.15+0.2).
72ty s6 Vpaste/Vaggregate =
(500/500 + 600/400).
73 : ty s6 CA/S2 = (0.2655 + 2.7345)
- Céc yéu t6 sau khong thay dbi:
W/(C+SF)=0.2;
FP =20%C
3.3. Phwong phap thi nghiém
3.3.1. Phwong phap xac dinh tinh cong tac
ciia hén hop bétong [2][3][4][6]

C6 nhiéu phwong phap thi nghiém tinh ty
dam ciia SCC nhung khéng c6 mot phuong
phéap don 1é nao cho phép khang dinh chinh xac
bétong c6 tinh tyr dam tot hay xau, vi vy phai
két hop nhiéu phuong phap thi nghiém dé co
két luan chinh xac. De xem xét tinh tu ddm cua
hon hop bétong thi can xem xét két hop cac
van dé sau: kha nang lap day, kha nédng chay
qua, kha ning chéng phén ting.

a) Thi nghiém d6 chay xoé bang con Abram
va xac dinh thoi gian chay qua duong kinh
50cm (Slump flow test va T 50 cm slump
flow). Slump flow dugc dung danh gia su
chay tu do ctia SCC trong sy ving mit cua
vat can tro. Puong kinh ctia hinh tron do
bétong chay ra sau khi rat con la mot
thuéc do cho kha ning chay lip diy cua
bétong.

Hinh 3.. Dung cu do slump-flow
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b) Thinghiém d¢ chay xoe Haegermann dung
cho bétong tu dam chi c6 cot li¢u nho, cho
phép tiet kiém vat liéu va thoi gian thi

tong chay ra sau khi rat con 1a moét thude
do cho kha nang chay lap day cua bétong,
tot nhat 14 24.5 cm.

nghiém. Puong kinh cua hinh tron do bé

70 mm Relative Flow Area
Fon=(dh+dz - d®)/ de?
60 mm
flow cone
do : 100 mm

d

>

Hinh 4. Dung cu do chay xo¢ Haegermann

¢) Thi nghiém chay trong phéu V (V-funnel
va V-funnel sau 5 phut)
Thi nghiém nay dugc dung dé xac dinh
kha nang lip day ciia bétong va danh gia

tinh phan ting cia hdn hop béténg khi
bétong chira trong thuing sau 1 khoang thoi
gian (tirc 12 ké dén hién twong ling chim
cbt lidu)

Hinh 5. Dung cu V-funnel

d) Thi nghiém chay vugt qua vong rao chan
(J-Ring test)
Thi nghiém nay dugc ding dé xac dinh
kha ning tw chay vuot qua cac thanh cbt

thép chin (duéi tac dung cua trong luong
ban than bétong ). Tuy theo duong kinh
16n nhit cua cbt litu ma khoang ho giita
c4c thanh chin sé& thay ddi nhoé hay 16n.
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Hinh 6.. Dung cu do J-Ring

¢) Thi nghiém xé4c dinh kha nang chay qua huéng cua nhimg thanh thép can tré va c6
rao can cot thép trong L — box. tinh dén kha néng suy giam nang lugng khi
Thi nghiém nay danh gid dugc kha nang chay xa ctua SCC.

lap day va chay qua ciia SCC, danh gia anh

Log,
2007 Unit mm

Rebars 3 x 012
Gop 35 mm

T 150
11 ] 1
|.o-200_| 0-400] '
e 800 il
Hinh 7. Dung cu L-box
3.3.2. Phuong phap xdc dinh cudng dd co trong khuon 24 gio, sau d6 thao khoi khuon va
hoc ciia bétong [1][4][6] dudng hd ngam trong nudc 27 ngay.

. Thi nghiém cuong do bétong ¢ 28 ngay
tudi. Mau bétong sau khi diac s€ dudng hd

Bang 1. Tiéu chudn thi nghiém, hinh dang mau, kiéu dudng ho va ) lugng mau thi nghiém cho mdi

cAp phéi bétong
A Z . N S lwong Tubi thi
Tieu ch.uAan thi Loai thi nghiém Hinh dang Kiéu duéng hd thi nghiém | nghiém
nghiém N y (mm) : % 5
(mau) (ngay)
Xac dinh cuong Truy tron Dudng ho chuén —
ASTM -C39 dd chiu nén 75x150 ngdm trong nuGe 12 28
Xac dinh cuong Dam Dudng ho chuan —
ASTM -CI1018 d6 chiu ubn 100x100x400 | ngim trong nuGe 6 28

4. KET QUA NGHIEN CUU [5][6] Pé tiét kiém vat lidu va thoi gian thi

4.1. Anh hwong cia cic thanh phin hén hep nghiém, xét thay kich thude ciia dung cu do
dén tinh cong tac ciia hdn hop bétong. chdy xo¢ Heagermann va Dmax cua cot liu

16n khong anh huéng dén két qua thi nghiém,
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nghién clru ndy da sir dung két qua do d¢ chay phin hdn hop dén tinh tw chay cta hén hon
xo¢ Heagermann dé xéy dung phwong trinh bétong.
todn md td& anh hudng cia céc yéu to thanh

Béng 2. Ma tran quy hoach bac mgt hai rpfrc t1 wu d6i véi do chay xoe Haegermann,
ba y€u to anh hudng

o | e S | G
ki thi SF/C | Vp/Va CA/S2
nghiém x0 x1 x2 x3
1 72 73
1 1 1 1 1 0.2 1.5 2.7345
2 1 -1 -1 1 0.15 1.0 2.7345
3 1 1 -1 1 0.2 1.0 2.7345
4 1 -1 1 1 0.15 1.5 2.7345
5 1 1 1 -1 0.2 1.5 0.2655
6 1 -1 -1 -1 0.15 1.0 0.2655
7 1 1 -1 -1 0.2 1.0 0.2655
8 1 -1 1 -1 0.15 1.5 0.2655
9 0 0 0 0.175 1.25 1.5
Sau khi kiém tra tinh dting ddn cta phuong y1 (em) = 25.075 — 1.65x; + 2.2x, +
trinh theo cac chuan théng ké, ta co phuong 0.625%; — 0.175% %2 — 0.25%%3 + 0.225%1X2Xs

trinh hdi quy tuyép tinh bac mét md ta anh
hudng cta 3 yeu to SF/C, Vp/Va, CA/S2 dén
tinh chay cua bétong nhu sau:

4.2. Anh huéng ciia cic thanh phén hén hep
dén cwong do co hoc ciia bétong.

Bang 3. Ma trdn quy hoach tryc giao bic hai d6i v6i cuong do chiu nén ciia béténg, ba yéu t& anh
hudng

thi SF/C Vp/Va CA/S2
nghiém x1 x2 x3
Z1 72 73
1 1 1 1 0.200 1.500 2.735
2 -1 1 1 0.150 1.500 2.735
3 1 -1 1 0.200 1.000 2.735
4 -1 -1 1 1.500 1.000 2.735
5 1 1 -1 0.2 1.500 0.266
6 -1 1 -1 0.1500 1.500 0.266
7 1 -1 -1 0.200 1.000 0.266
8 -1 -1 -1 0.150 1.000 0.266
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9 1.215 0 0 0.2054 1.25 1.500
10 -1.215 0 0 0.1446 1.25 1.500
11 0 1.215 0 0.1750 1.554 1.500
12 0 -1.215 0 0.1750 0.946 1.500
13 0 0 1.215 0.1750 1.25 2.9999
14 0 0 -1.215 0.1750 1.25 0.0

15 0 0 0 0.1750 1.25 1.500

Sau khi kiém tra tinh dang dan ciia phuong
trinh theo cac chuin théng ké, ta c6 phuong
trinh hoi quy truc giao bac hai m ta anh hudng
ctia 3 yéu td SF/C, Vp/Va, CA/S2 dén cudng
dd chiu nén cta bétdong nhu sau:

9, (MPa) =138.694 -1.965x,-1.863x, -
4.672x; - 2.888 XX, + 5.836(x2)” - 3.067(x3)’

4.3. X4c dinh thanh phan hdn hep ti wu.

Dé xac dinh murc phdi hop tdi wu cia cac
yéu t6 (SF/C ; Vp/Va ; CA/S2) sao cho cép
phdi bétong co tinh chdy t6t va cuong do nén
cao nhét c6 thé, ta tién hanh giai bai toan téi wu.
Két qua mirc phdi hop t6i wu 1a: SF/C=0.15 ;
Vp/Va=1.5 & CA/S2 =0.266.

Cép phéi t&i wu duoc thi nghiém kiém
chimg, két qua thi nghiém va hinh anh thi
nghiém kiém chung duogc trinh bay & bang 4,

cac hinh 8,9, 10,11.

Bang 4. Két qua kiém chung tinh ty dAm va cudng do cia cép phdi bétong téi wu

28 ngay

STT Chi tiéu thi nghiém Pon vi GiA tri do Gia tri
: : : tieu chuan
1 Do chay xoé bang con Abram mm 805 650 — 800
Thoi gian chay qua duong kinh
2 50cm khi thi nghiém d¢ chay xo¢ gidy 3 2-5
bang con Abram (T-50cm)
Chénh 1éch d¢ cao cua
Kha nang chay vuot qua vong rao mat bétong ngay trong .
3 chan (J-Ring) m va ngoai thanh chéan la N6 hon 10mm
6mm
Thoi gian chay trong phéu V lan "
4 thit nhat giay 11 6-12
Thoi gian chay trong phéu V tai n Kllong 1@ Iicm 3
5 AR . giay 15 gidy so vdi két qua
thoi diém 5 phut % .2
lan tht nhat.
Kha nidng chay qua rao can cot
6 thép trong L — box (h2/h1) 0.95 0.8-1
Thoi gian chay trong L-box dén in
7 vi tri 200mm glay 3.5
Thoi gian chay trong L-box dén "
8 vi tri 400mm glay 7
9 | Cuong do6 chiu nén, tudi 28 ngay MPa 148
10 Cuong dog chiu kéo khi uodn, tudi MPa 104
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Hinh 8. Thi nghiém Slump-flow va T50cm Slump-flow cho cip phéi t6i wu

Quan sat hinh tron bétong tao thanh sau khi
chay on dinh, nhan thiy bétong c6 tinh lién tuc
ddng nhat, khéng c6 hién tugng ria ho du phia
ngoai, cbt liéu phan b déu trén hinh tron tao
thanh. Vi thoi gian 3s chay dé tao hinh tron c6
duong kinh 50 cm (T50 cm=3s) va gia tri

dudng kinh hinh tron cudi cung 1a 805 mm da
chimg t6 kha nang tu 14p day khuon dudi trong
lugng ban than cta hdn hop bétong 1a rat tot.
Dap g mot chuin danh gia vé tinh 1ip day
cta bétong.

Hinh 9. Thi nghiém L-box cho cip phdi t6i vu

Vi ty s gitta d cao & miéng thao va do
cao & diém dimg sau cung ciia hdn hop bétong
la H2/H1 = 0.95; déng thoi van tde chay toi vi
tri cach miéng thdo 20cm va 40 cm la bang
nhau (20cm/3.5s = 40cm/7.0s), bétong cho thdy

kha nang chay vuot qua rao can ma khong suy
giam nang luong chay 1a rat tét. Dap tmg mot
chuin danh gia vé tinh chay vuot qua rao can
cta bétong.

Hinh 10. Thi nghiém chay qua phéu V cho cip phdi tdi wu

Quan sat dong chay qua phéu V, nhin thy
dong chay lién tuc, khong phén tang va thoi
gian chay qua phéu V lan dau 1a 11s, qua pheu

V lan 2 (tai thoi diém 5 phut) la 15s. Két qua
cho thay bétong co6 kha nang lap day va chong

phan tang t6t
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Hinh 11. Thi nghi¢m J-Ring cho cAp phéi ti uu st dung vong J-Ring ¢6 22 thanh chén
(dac trung cho mat d6 cot thép cao nhat)

Gia tri trung binh chénh 1éch d§ cao ngay
bén trong va bén ngoai & chan thanh chén 1a 6
mm chimg to kha niang chay qua céc lugi cbt
thép diy dic cua bétong la rat tot. Dap tng mot
chuin danh gia vé tinh chay vuot qua cua
bétong.

5.KET LUAN

Bing phuong phap quy hoach thyc nghiém,
v6i hé nguyén liéu gdm ximing portland két
hop bdt khoang siéu min hoat tinh silica fume,

bot cat siéu min, phu gia siéu déo géc
polycarboxylate, cat song két hop da nghién dé
lam c6t ligu nho, va cbt liéu 16n 1a da dam co
Dmax dén 10mm, d3 xdy dung dugc cac
phuong trinh toan mé phdng tac dong ctua hé
nguyén vat liéu thanh phan dén tinh cong tac va
cuong do co hoc cua bétdong. Trén co s& cac
phuong trinh d6, qué trinh thuc nghiém da tao
dugc bétong tu dam co cuong do nén dén 150
MPa va cuong d6 udn dén 10 MPa c6 tinh img
dung cao cho cong ngh¢ xay dung hién dai.

OPTIMIZATION MIX PROPORTION FOR
ULTRA HIGH STRENGTH SELF COMPACTING CONCRETE

Kim Huy Hoang, Bui Duc Vinh, Tran Van Manh, Ha Son Tri
University of Technology, VNU-HCM

ABSTRACT: Ultra high strength self compacting concrete (UHSSCC) with high filling ability,
passing ability, segregation resistance and ultra high compressive strength have been used in many
modern construction project. This paper represents the optimization of concrete composition for ultra
high strength self compacting concrete. In this experiment, river sand and crush stone were used as fine
aggregate, Dmax of coarse aggregate is 10 mm. The study show that slump flow was 525 mm up to 850
mm and compressive strength was 140 MPa up to 170 MPa.

Keywwords: Ultra high performance concrete, high compressive strength, filling ability, passing
ability, segregation resistance.
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