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ABSTRACT

This paper is aimed to propose a mix proportion design method for self-
conmpacting concrete (SCC) based on the optimal ratio of aggregate to
paste. The volume ratio between aggregates and paste in the mix
proportion calculating by proposed method is suitable for all the
requirements of SCC mix. It is easy to adjust amount of paste and
aggregate to follow the requirements of SCC as well as other specific
design requirements.

TOM TAT

Phiwrong phdp tinh todn cap phoz cho bé tong tu len dua trén co so xdc
dinh 1y 1¢ phoi trén t6i wu cho cot liéu va lwong vita dwoc xdy dung trong
nghién ciu. Cap phoi bé tong tinh todn theo phwong phap duoc xdy
dung co ty I¢ cot liéu va vita phit hop theo yéu cau cua bé tong tu len.
Lurgng vita va cot liéu c6 thé diéu chinh dé dang theo yéu cau chung cho
bé téng t lén ciing nhw cdc yéu cau thiét ké dic thi khdc.

Trich dan: Bui Lé Anh Tuén, Hwang Chao Lung, Ngb Vin Anh, Nguyén Quéc Chién, Kiéu Phudc Ngoc va
Nguyen Nhét Truong, 2018. Xay dung quy trinh tinh toan cap phéi cho bé tong tur len trén co s¢
t6i wu cAp phdi cdt lidu va thé tich vira. Tap chi Khoa hoc Trudng Dai hoc Can Tho. 54(4A): 1-7.

1 PAT VAN BE

cap ph01 ctia BTTL c6 nhiéu diém khac biét so véi
cip phbi cua bé tong thuong. Cép phbi BTTL c6

Bé tong tu 1én (BTTL) 1a loai bé tong co thé tw
chay duéi trong lwong ban than, ¢ thé 1am ddy cac
khuon c6 hinh dang phirc tap hay nhitng noi ¢t
thép day dac ma khong tac dong co hoc. Pé co kha
nang ty lén ma khong bi phan tang, cap phéi cua
BTTL phai thoa man cac nguyén tac: gioi han cot
lidu, ty nudc/chat két dinh thdp va sir dung phu gia
siéu déo (Brouwers et al, 2005; Chao-Lung
Hwang et al., 2012; Safiuddin et al., 2013). Vi vy,

lugng vira cao, lugng nude thip hon, nhleu cbt liéu
nho hon va it luong cbt liéu 16n so voi cap ph01 bé
tong thuong. Luong cbt liéu trong cap phdi cua
BTTL chiém khoang 60-70% thé tich cua bé tong
(Naik, 2012), trong khi d6 gia tri nay ddi voi bé
tong thuong 1a 70 — 80% (Chao-Lung Hwang et
al., 2012). Cbt liéu 16n thudng chiém 28% - 38%
thé tich ciia BTTL. Dé dam bao kha nang tu lap



Tap chi Khoa hoc Truong Pai hoc Can Tho

day khuon thi luong vira dugc khuyén cao khoang
30% - 42% thé tich cua bé tong (Domone, 2006).

Céac phuong phép tinh toan cdp phdi duoc sir
dung hién nay cho bé tong (ACI-211.1, 1996)
thuong khong phu hop cho BTTL. Céac phuong
phap nay dua vao yéu ciu vé tinh cong tic théng
qua do sut dé chon lugng nudce tir cac bang tra, tinh
toan lugng xi mang, sau d6 mai tinh lugng cét liu
can thiét. Viéc lya chon luong nudc théng qua do
sut khong phu hop vi BTTL st dung phu gia giam
nude siéu déo diéu chinh do sut, do _chdy xoe. Hon
nira, cac phuong phap tinh toan cap ph01 cho bé
tong truyén thong chi quan tdm mét sO dac tinh
chung cta cbt liéu nhu Doy ctia cbt liéu 16n, md
dun d6 min cua cdt liéu nho, khong thé mo ta hoan
toan cac tinh chét cia cdt liéu nhat 1a tinh goc canh
cua cdt lidu.

Vi vay, viéc xay dung phuong phéap tinh toan
cip phdi cho BTTL don gian 1a hét stic can thiét
nham han ché viéc tra s6 liéu tir cac bang biéu nhu
theo cac phuong phap duoc sir dung hién nay bang
cach thi nghiém truc tiép trén vat liéu su dung, tu
d6 6 thé han ché céc sai s6 do sur dung cac loai vat
liéu ngudn gbc, chat luong khac nhau, khong can
thuc hién nhiéu thi nghiém, c6 xét dén tinh goc
canh cua cbt liéu, c6 thé didu chinh lugng vira tbi
uu....

2 PHUONG PHAP NGHIEN CUU
2.1 Phwong phip tinh toin cip phdi BTTL

Phuong phap tinh toan cap phdi cho BTTL
duogc xay dung trén nguyén 1y tinh toan ctia Bui Lé
Anh Tuén va ctv. (2015). Hai phuong phap tinh
toan s€ dugc xdy dung trén co so hai truong hop
phdi trén hdn hop cbt lidu khac nhau, sau d6 so
sanh thanh phan vat lidu trong cip phdi dugc tinh
toan theo phuong phap duoc xay dung dé dé xuat
phuong phap tinh toan cép phdi cho BTTL. Budc
dau tién cua phuong phap tinh toan cap phdi 1a tao
cap phdi cbt lidu tbi wu; sau d6 luong vira diéu
chinh sao cho dam bao yéu cau cho BTTL.

2.1.1 Thiét ké cdp phéi cot liéu

Thanh phan cta hdn hop c¢dt lidu duoc xac dinh
duya vao gia tri do dic cua hdn hop cbt licu.
Phuong phap phéi tron sao cho hdn hop cbt ligu
dat t6i uu theo phuwong phap ctia Bui Lé Anh Tuén
va ctv. (2015). Cac budc chinh trong phuong phap
nay nhu sau:

— Lua chon cac t6 hop phdi tron cdt liéu theo
tinh chat cta cot liéu hién co;

— Phéi tron cbt lidu theo phuwong phap khdi
lqug qua thi nghiém Alpha va Beta (Bui Lé Anh
Tuén va ctv., 2015);
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— Phan tich hdn hop dugc phdi tron.
2.1.2 Xdc dinh thé tich vita

Luong vira (V) s€ dugc xac dinh dga vao cong
thirc V, = nV,, v6i V, thé 15 réng ctia hdn hop cdt
lidu, n 12 hé s6 du vira (Bui Lé Anh Tuln va ctv,
2015). Véi cac xac dinh nay gia tri n cd thé lua
chon sao cho dam bao yéu cau cia BTTL.

2.2 Vit liéu sir dung

Qua nghién ctu, da mi, cat nghién, tro bay
(FA), mudi silic (SF), nu6e va phu gia siéu deo
Sika Viscocrete 151 1a nhiing vat li¢u st dung tot
cho BTTL. Vi vay, cac loai vat liu nay Cﬁm’c sur
dung d¢ xay dung phuong phap tinh toan cap phoi.
Chi tiéu k¥ thudt cta cac loai vat liéu nhu sau:

— Khdi lugng riéng ciia xi mang: 2960 kg/m®.

— P4 mi: Khéi luong riéng: 2700 kg/m3; Do
hat nudce: 0,88%; Mo dun d6 16n: 2,02.

- Cat nghién hay con goi la cat nhan tao la
san pham dugc tao ra tir da. Cat nghien duge su
dung c6 khoi luong riéng: 2614 kg/m3;, Do hut
nudc: 8,5%; M6 dun do 16n: 1,33.

— Khdi lugng riéng ciia nude: 1000 kg/m>.

— Khébi lugng riéng cua tro bay: 2460 kg/m?.

— Khéi luwgng riéng ctua mudi silic: 2060
kg/m?.

Hai phuong phép tinh toan cdp phdi s& dwoc
xay dung nhu sau:

— Phuong phép thr nhdt (THI1): dugc xdy
dung khi hon hop cot li€u t0i vu dugc tién hanh
xdc dinh theo thi nghiém Alpha (tro bay + cat
nghién) va Beta (d4 mi + cat nghién + tro bay).

— _Phuong phap thtr hai (TH2): duoc xay dung
khi hon hop c6t licu tdi uu dugce tién hanh xac dinh
theo thi nghiém Alpha (da mi + cat nghién) va Beta
(d4 mi + cat nghién + tro bay).

3 KET QUA VA THAO LUAN

3.1 Quy trinh tinh toan cip phoi

3.1.1 Quy trinh tinh todn cdp phéi cho BTTL
theo TH1

Bude 1: Xac dinh ty 1é phoi trén t6i wu cho cot
ligu.

— Xaéc dinh ty 1¢ phdi tron t0i wu cho hén hop
tro bay va cat nghién sao cho tro bay lap day 1o
rong dugc tao ra bai cat nghién bang thi nghiém
Alpha.

W

W+W

catnghien

(1.1)
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o trong do: « 1a gia tri tim dugc tr thi nghiém

/4

catnghien

khéi lugng cua tro bay.

14 khéi luong ctia cat nghién; W, 1a

— Xac dinh ty 1¢ phdi tron tdi wru cho hdn hop
tro bay, cat nghién va da mi sao cho hdn hgp tro
bay va cat nghién (da duoc phdi tron theo gia tri
a ) lap day 16 réng dugc tao ra boi da mi bang thi
nghiém Beta.

ﬂ — VVcatnghiLn + WFA (12)

/4 +We.y)

dami ( catnghien

trong do: [ la gid tri im dugc tir thi nghiém
B W, 1akhdiluong clia da mi.

— Xac dinh thé tich 156 rdng ciia hdn hop (tro
bay + cat nghién + da mi)

4 :I—ZE (1.3)
Vi

trong do: ¥, la khéi luong riéng cta vat lidu 1,
kg/m®,

BM‘O"C' 2: ’Xdc dinh thé tich ciia vita va ty l¢
nwoc/chat ket dinh (w/cm).

V,=V,+Sxt=nV, =n(1—ZW"J (1.4)
Vi

trong d6: S 1a dién tich bé mat cua cbt liu; ¢
1a chiéu day cua 16p vira phd trén bé mat cot lidu;
7 1a hé sb du vira va V,la thé tich cua vira.

Bueée 3: Tinh todn thé tich cot liéu, V

age
Ve =1-V, (1.5)
trong d6 V/,,, 1a tong thé tich cua ct li¢u.

Buéc 4: Tinh toan ham Ilwong tro bay, cadt
nghién va da mi.

Cong thire s6 1.1 va 1.2 ¢6 thé duoc viét lai nhu

sau:
(24
VVcamghien x (Ej (16)

1-
Wvdami = I/I/c'zztng,'lzz'ffia (ﬂ ﬂﬁj (17)

Wiy =
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Thay cong thirc 1.6 va 1.7 vao cong thirc s6 1.5
va viét lai ta dugc:
v.

[ e (1.8)
catnghien
© 1 1 1- 1
( - ) P ’ ( ﬂ j Vo
1 -a 7/ FA 7 catnghien ﬂ - aﬂ 7 dami

Buoc 5: Tinh ham luwong cua xi mang, mudi
silic va nuoc.

W Wximan W
Vp — nuoc_ 4 g + SF (19)

ynuoc 7/ximang j/SF
& l1a ty 18 phan tram theo khdi lugng mudi silic
thay thé xi mang, thi & duogc tinh theo cong thirc:

WSF
5= W + W,

ximang

(1.10)

Thay cong thuc 1.10 vao 1.9, ta co

Vo= W\‘imang + W\'imang + 1- 6 ) (1 1 1)

P
Y nuoc ¥ ximang Vsr

Ty 1& nudc/chat két dinh (w/ecm) 1a A , ta co
w

i — nuoc (1 . 12)
Vinmang + WSF + WFA
Wmmc = //”(inmang + WSF + WFA) (1 13)
S
W =—"—xW_ . 1.14
SF 1_ 5 ximang ( )

Thay cong thirc 1.13 va 1.14 vao cong thirc
1.11 va viét lai ta duoc:

VﬂW

ynuoc

Vinmang =
y) 1 & ( A1 j
+ + +—
7num‘ j/ximang 1_ 5 7nuoc 7SF

trong do: W, W, via Wylan luot 1a

nuoc? ximang

khoi lugng cua nude, xi ming va mudi silic; 7, »
Y ximang V& Vsp lan luot la khoi luong riéng cua
nudc, xi mang va mudi silic.

Buoc 6: Xac dinh lwong phu gia siéu déo

Luong phu gia siéu déo duoc xac dinh theo ty
1¢ phan trim cua luong xi mang. Luong phu gia
si€u déo str dung dé dam bao yéu cau cho BTTL
can duoc xac dinh thong qua cac mé trdn thir.



Tap chi Khoa hoc Truong Pai hoc Can Tho

3.1.2  Quy trinh tinh todn cap phéi cho BTTL
theo TH2

Buéc 1: Xac dinh ty lé pho”'i tron 16i wu cho cot
liéu.

— Xaéc dinh ty 1¢ phdi tron t6i wu cho hdn hop
cat nghién va da mi sao cho cat nghién lap day 1o
rong dugc tao ra boi d4 mi bang thi nghiém Alpha.

catnghien

Wm +W.

lami catnghien

@.1)

trong do: o la gia tri tim dugc tu thi nghiém
.

— Xac dinh ty 1¢ phi tron t6i wu cho hon hop
tro bay, cat nghién va da mi sao cho tro bay lap day
16 rong dugc tao ra boi hdn hop cat nghién va da
mi (d3 dwoc phdi tron theo gia tri &) bang thi
nghiém Beta.

L= W

WFA + (Wd

axay

2.2
+ demi) ( )

trong d6: [ 1a gia tri tim duoc tir thi nghiém

p.
— Xac dinh thé tich 16 rng ctia hén hop (tro
bay + cat nghién + da mi)

VV:I—ZE
Vi

BM‘O"C' 2: ’Xdc dinh thé tich ciia vita va ty l¢
nwoc/chat ket dinh (w/cm).

2.3)
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w.
V,=V,+Sxt=nV,=n1-> —1| 24
Vi
Bude 3: Tinh todn thé tich cét liéu, Vagg
Vagg =1- VP (2.5)

Bucc 4: Tinh toan ham luong tro bay, cat
nghién va da mi.

Cong thie s6 2.1 va 2.2 ¢6 thé dugc viét lai nhu
sau:

_ B
WFA - PVcatnghien X (m

l-a
Wdami = VVL’atnghien X( a

(2.6)

2.7)

Thay cong thire 2.6 va 2.7 vao cong thirc s6 2.5
va viét lai ta dugc:
(2.8)

agg

W nehion =
catnghien _
[uj 1 +1+[ s ]1
Q) Viami Y ecamghion a—af )y,

Budce 5 va Budc 6: Tuong tiw nhu phiong phdp
thir nhat.

3.2 Xac dinh cip phdi c6t lidu toi wu

Két qua thi nghiém Alpha va Beta cho THI va
TH2 dugc thé hién ¢ Hinh 1 va 2. Gi4 tri tdi uu cua
o va 3 dugce xac dinh nhu sau: TH1 c6 gia tri Omax
= 7% va PBmax = 37%; TH2 ¢6 gia tri olmax = 47% va
Bmax = 9%.

1840

1820
L)

"g 1800 4
S ]
=~ 1780 4
-3
g 1
X 1760
= 1 .
; 1740 Y = 1548,26 + 13,85X-0,18X R =0,97
s 1 B =37%
o 1720 4
e
g 4
= 1700 4
o 4
=
¥ 1680

1660 T T T T T T T T

5 10 15 20 25 30 35 40 45 50

B (%)

Hinh 1: Gia tri o va  theo TH1
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¥ = 1873,66 + 24.6X - 1,46X° R =091
B =9%

rmax
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B (%)

Hinh 2: Gia tri o va § theo TH2

Tir gia tri o va B tim duoc ty 18 phdi tron theo
phan tram khéi luong cho hdn hop cbt liéu da mi,
cat nghién va tro bay duogc xac dinh nhu sau: TH1
ty 16 d4 mi:cat nghién:tro bay = 62%:35%:3%;
TH2 ty 16 da micat nghién:itro bay

48%:43%:9%. Hinh 3 thé hién ti 1& phan trim thé

100

tich cho cac vat liéu thanh phan ctia hdn hop cbt
lidu cho hai trudng hop phéi tron. Qua két qua phdi
tron cho thay ty 18 cdt lidu 16n, tro bay theo THI
cao hon so véi ty 18 cdt lidu 16n, tro bay duoc phdi
tron theo TH2; va nguoc lai ty 16 ¢bt lidu nho theo
TH1 thip hon so véi ty 18 c6t liéu nho theo TH2.

FA EZH Cat nghien Da mi

] e
o
90 + s 33

k
2
e

Phan tram the tich (%)

0% E

EEHHH
S

- T
THA

Hinh 3: Phin trim thé tich ciia ¢t liéu thanh phan trong hdn hop cbt liéu cho TH1 va TH2

3.3 Cép phdi BTTL

3.3.1 Cdp phéi BTTL theo hai phirong phép
voi cung ty Ié w/cm va gia tri n

Sau khi c6 ti 1¢ phoi tron t6i uu cho hon hop cdt
liéu, cap phoi cia BTTL dugc tinh toan theo quy

trinh tinh toan cép phéi da dugc xdy dung cho hai
truong hop. Két qua tinh toan cho hai truong hop
v6i cing ty 18 w/ecm va hé s6 n duoc thé hién &
Bang 1. Hinh 3 thé hién phan trim thé tich cta vat
lidu thanh phan trong cip phdi ciia BTTL cho hai
truong hop.

Bang 1: Cap phdi BTTL theo THI va TH2

Khoi lwong vt lidu (kg/m?)

CaR Phlro'Ang pAhaPAphm wiem — Cat - ’

phoi tron cot liéu Pa mi Y Xi mang FA SF Nudc
nghién

TH1 Phuwong phap thir nhét 035 13 1010,44 566,96 507,25 42,67 26,70 201,82

TH2 Phuong phap thu hai ’ ’ 848,04 752,04 384,92 148,64 20,26 193,84
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Ty 1& thé tich cbt liéu: vira theo TH1 va TH2
1an luot 13 59%:41%; 61%:39%. Ty 1é dugc tinh
toan theo hai phuong phéap phu hop véi yéu ciu thé
tich vita 30% - 42% thé tich bé tong cho BTTL
(Domone, 2006). Tuy nhién, lugng tro bay trong
cAp phdi cua hai truong hop rit khac nhau, truong
hop THI luong tro bay chi chiém 2% cua thé tich
clia bé tong va 6% ciia thé tich; trong khi d6 luong
tro bay chiém 6% ctia thé tich cta bé tong va 20%

Tép 54, S6 44 (2018): 1-7

ctia thé tich vira dbi voi TH2. Do lugng vita cho
BTTL cao hon so véi bé tong thuong nén viéc st
dung tro bay v6i luong thap (ddng nghia véi viée
lwong xi ming phai ting 1én dé dam bao thé tich
luong vira theo yéu ciu) sé khong dat hiéu qua vé
mit kinh té ciing nhu khi ma lwong xi mang nhiéu
tang kha niang nit trong bé tong. Vi vy, cap phdi
bé tong duogc tinh toan theo truong hop TH2 phu
hop hon cho BTTL.

EHEE Nuoc I SF [T Ximang FA Cat nghien da mi

100

i i
20%

90

80

1%
] il
18%
70 H

Phan tram the tich (%)

Hinh 4: Phin trim thé tich ciia ¢6t liéu thanh phan trong cip phdi BTTL theo hai phwong phap

3.3.2 Cdp phéi BTTL theo TH2 véi cdc gid tri
n khac nhau

Pé dam bao yéu ciu cua BTTL vé thé tich vira,
lugng vira duoc di€u chinh qua gia tri hé s6 du vira
n. Bang 2 thé hién cap phoi BTTL duogc tinh toan

theo TH2 véi cung ty 1& w/cm nhung thay doi gia
tri n 1an luot 1,15; 1,30 va 1,45. Mbi quan hé giira
phan tram thé tich cua vat liéu trong cp phdi vai
gié tri n dugc thé hién & Hinh 5.

Bang 2: Cép phdi BTTL theo phwong phap thir hai (TH2) véi cac gia tri n khac nhau

P «. Phwong phap Khoi lwong vat lidu (kg/m?)
Capphoi ... . .. wlcm n —— = — p
phoi tron cot li¢u P4 mi Cat nghién Xi mang FA SF  Nuéc
THLLIS o 115 89796 79630 32830 15739 1728 17604
TH1 130 & phap 035 130 84804 752,04 38492 148,64 2026 19384
TH1 145 145 79813 707,78 44154 139,89 2324 211,64

Véi cung ty 1& w/em, ty 1& cdt lidu:vira lan
luot 64%:36%; 61%:39% va 57%:43% tuong tng
khi gia tri n thay d6i 1,15; 1,30 va 1,45. Ta thay thé
tich vira va cbt lidu thay d6i khi gi tri n thay doi,
gia tri n tang thi luong vita tang, lwong cdt lidu

giam va nguoc lai. Khi gia tri n = 1,15+1,45 thi thé
tich vita 36%+ 43% so véi thé tich cta bé tong. Ty
1¢ cbt lidu: vira nay phu hop vdi yéu cau vé luong
vita chiém khoang 30% - 42% thé tich trong
BTTL.
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54 Nuoc [l SF [T Ximang FA 2] Cat nghien da mi
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Hinh 5: Phan tram thé tich cia cot li€éu thanh phan trong cap phoi BTTL theo TH2 véi cac gia trin
khéac nhau

. R Bui Lé Anh Tuan, Ngé Van Anh, Hwang Chao Lung

4 KET LUAN va bang Tram Anh, 2016. Xay dung quy trinh
tinh toan cip phdi bé tong thudng va bé tong co
str dung tro trau. Tap chi Khoa hoc Truong Pai
hoc Cén Tho. 45a: 12-19.

Chao-Lung Hwang, Bui Le Anh Tuan, Kae-Long
Lin, and Chun-Ting Lo, 2012. Manufacture and
performance of lightweight aggregate from
municipal solid waste incinerator fly ash and
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