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NGHIEN CUU TO HQP PHU GIA SIEU DEO DA TINH NANG -
KHOANG HOAT TiNH - POLYMER DPENANG CAO CHONG THAM
CHO BE TONG PAM LAN PAP TRONG LUC

ThS. Nguyén Quang Binh
Vien Thuy cong

Tom tiat: Nang cao chong thim cho bé tong dam lan (BTPL) la m dt yéu cau cip thiét déi voi
céng trinh ddp hoan toan BIPL. Bdi bdo nay tinh bay két qua nghién cim 10 hop phu gia siéu
déo cao cham déng két, khodang hoat tinh va polymer dé giam fi 6 nudc/chdt két dinh, thay doi
cdu triic bé tong dé nang cao chong tham cho BTPL.

Summary: The improvement of waterproofing for roller com pacted concrete (RCC) is a critical
requirement for the com pletely RCC dam. This paper presents the results of studies combining
high superplasticizer and slow settings, active minermal and polym er materials to reduce a ratio
of watev/binder, concrete structural changes to improve waterproofing RCC

1. MO PAU

Co so nang cao chéng tham cho BTBL ki ting
do dic chic béng st ding td hop phu ga,
trong do phu ga siéu do cao giam thiéu luong
nude tron, phu gia khoang hoat tinh gidm voi
trong qua trinh thidy hoa xi mang va giam
luong ding xi mang, phu gia polymer lam nho
duong kinh va cit dut lién thong cic 16 mao
quan trong da xi mang,

Theo [3], viéc giam ty &€ N/CKD lam tang
cuong @ nén & bén chéng thim) cia bé tong
trinh bay & hinh 1, sy c6 mét cta phu ga si€u
déo cao chim dong két giam tdi da N/CKD
van dam bio tinh cong tac (Vc) va thoi gian
dong két T g.ctia BTDL.

Khi sir dingpolymer trong BTPL, céc tiéuphan
nhii polymer phén tan trong nudc c6 kich thudc
500 - 5000A° [6]. Co ché bién tinh xi mang cia
polymer tan trong nude[7, 8] dugc gidi thich do
cac phan tir polymer hdp phu trén bé mit hat xi
mang, trong qud trinh thuy hoa mach polymer
dong ran phan bd trén bé mit cic phamdi hinh
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thanh ctia da xi mang va c6 khanang xuyén sau
vao ving tiép xilc gita cac tinh thé. Phan bd
trong cu triic da xi mang ¢ dang vi mang lam
giam dirong kinh cac 16 ong lén va giam lugng
rong thong nhau, ngin can nude di chuyén, ting
kha nang chdng thim cho BTPL.
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Hinh 1: P chong tham va NICKD

Phu ga khodng tro bay co tac dung bd sung
thanh phan hat min, tac dung hoat tinh dbi véi
Ca(OH), trong xi mang thuy hoda, giam lugng
dung nuéce trong BTDL.

- Trong BTBL lugng ding xi mang thuong it
hoic rat it, luong dung nudc cing it, nén
khong dii @ nhét day cic khe k& gita cac hat
cot litu. Vi vay, phai ding thém tro bay dé
tang lugng chat bot min dam bao di dé nhét k&
trong bé tong Theo tai li€u [4], viéc nhét k&
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duoc thé hién bang hai hé s6 du hd o va du
vita B, theo nhiéu két qua nghién ctu trén thé
gidi thi hé sb o=1,1 - 1,3 con hé s6 B=1,3-1,5
1a phu hop cho san xuédt BTPL.

- Trong thanh phan ciia tro bay c6 cc thanh
phan SiO, v6 dinh hinh, ALO; va Fe,O; hoat
tinh. Cac chat nay s& phan (mg véi thanh phan
c6 hai Ca(OH), tao ra trong qia trinh thiy hoa
cia xi mang tao thanh cac khodng co cuong
do, lam tang cuong 4o, & dac chic va chéng
tham cia BTDL.

Tro bay con lam giam lugng ding nudc nho
hiéu mg 6 bi. Khi thay thé xi mang bang tro
bay, do cac hat tro bay c6 dang hinh cu nén
chiing c¢6 tac dung boi tron 1am tang tinh cong
tac cho hdn hop bé tong hodc dé dat duogc cling
tinh cong tac thi hdon hop bé tong st dung tro
bay s& cin luong nudc trén it hon so véi hén
hop khong sir dung tro bay. Diéu nay dong
nghia véi viékc gam luong nudc du trong
BTPL, ting d6 dic chic, ting cuong &
BTBL va kha ning chéng tham.

Nhu vy, viéc s dmgté hop phugia si€udéo da
tinhnang, phu ga khoangtro bay, phu gia polymer
s& dat hiéu qua chong thim cao cho BTPL.

2.Vat liéu sir dung va phwong phap nghié ciu

Céc loai vat li€u st dung nhu sauw Xi mang
Bit Son PC40 c6 chat luwng dat cic tiéu
chuin TCVN 4030-2003 va TCVN 6017-
1995; phu gia khoang hoat tinh tro bay Pha Lai
dat loai F theo ASTM C618; Cit nghién Son
La dat chat hrong theo TCVN 9205:2012; d4
dim Son La dt chét luong theo TCVN
7570:2006, phu ga cham doéng két complast R
hang Fosroc loai B theo TCWN 8816:2011;
phu gia cham dong két GP101 hing Grace loai
B theo TCVN 88162011, phu gia ADVA 181
situ déo thé hé moi loai F theo TCVN 8816,
phu gia polymer DM200 hang Schooll - Brrc.

Trong dé tai nay tién hanh nghién ctru ché tao
BTDL c6 cudng d0 nén dat 20MPa va do
chong tham d&&n W 12 bing t6 hop phu gia siéu
déo da chuc nang S (pha tron gita ADVA-181
va GP 101), tro bay Pha Lai va polymer
DM200 cia Ptc. Trong nghién clru co su
dung quy hoach thuc nghi¢m.

3.Bo tri quy hoach thuc nghi¢m
3.1. Chon thanh phin hat c6tli¢u

Trong nghién ctru st ding c6t liéu co thanh phan
hat theo Yéu cau ky thuit ciia cong trinh thily
dién Son La [2], nhu trong bang 1 va hinh 2.

Bing 1. Thanh phan hat cia cotliéu
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Hinh 2. Puong thanh phan hat cia cot liéu
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d@n cuong & va & chéng thim, st dng
phuong phap quy hoach thuc nghiém béc II, 3
bién tam xoay.
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- S luong dimg phu gia si€u déo trong Im’
BTBL, lit.

- T:luong ding tro bay trong Im’ BTDL, kg.

- P: lugng dimg phu gia polymer trong Im’
BTBL, kg.

Tuong Ung véi cic bién thuc ndi trén 1a cac
bién mi X, X,, X;. Ving bién thién cua cic
bién la:

S=2.0+34, T =120+ 160,P =0.93 + 3.47.
Lwa chon cép phéi BTBL & ding cho thuy
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dien Son La lam cép phdi co so (CPCS) nhu
trong bang 2 dé tinh todn cac cip phdi tai cac
diém trong ma trdn quy hoach thuc nghiém.
Viéc tinh toan cic cip phdi BTPL trong quy
hoach theo ngiyén tic:

- €S dinh tong luong chit két dinh nhu CPCS
(220kg);

- Giir nguyén thanh phan cap phdi hat cia hdn
hop ¢bt liéu (C6 dinh ty 18 C/(CHD) theo khbi
luong nhu cua CPCS);

- Thay di luong nude & BTDL dat tinh cong tic.

Bing 2. Thanh phan C PCS

STT  |Tang thdi VL |XM (kg |[TB kg) |Céit (k)

bi dim (kg

CPK, It |Nuse, lit |Tong NCKD

1 Kho 60 160 850

1396 140 2589 0,64

Ghi chit cép phdi co s& co cuong do nén 20Mpa, do chong tham dat W6.

Két qua tinh toan thanh phan cip phdi tai 19 diém cia ma tran quy hoach thuc nghiém nhu trong

bang 3.
Bing 3. Thanh phan cip phdéi BTPL trong quy hoach
b, kg
SIT | X, kg | T,kg | P,kg| S lit | C, Kg N, lit | NNCKD
5-12,5 | 12,525 | 25-50

1 2 3 4 5 6 7 8 9 10 11

1 60 160 347 3.4 891 418 560 465 85.4 0.39
2 60 160 347 2.0 865 408 546 454 108.4 0.49
3 100 120 347 3.4 895 420 562 466 85.1 0.39
4 100 120 347 2.0 870 410 548 455 108.0 0.49
5 60 160 093 3.4 893 420 561 466 85.4 0.39
6 60 160 093 2.0 867 410 548 455 108.4 0.49
7 100 120 093 3.4 897 421 563 467 85.1 0.39
8 100 120 093 2.0 872 411 550 456 108.0 0.49
9 80 140 2.2 3.91 903 423 567 470 77.0 0.35
10 80 140 2.2 1.49 860 406 543 450 116.3 0.53
11 45 175 2.2 2.7 877 413 553 459 97.0 0.44
12 | 115 105 2.2 2.7 885 416 556 462 96.4 0.44
13 80 140 4.4 2.7 879 414 553 459 96.7 0.44
14 80 140 0.00 2.7 883 416 556 461 96.7 0.44
15 80 140 2.2 2.7 881 415 555 460 96.7 0.44
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4. KET Q UA VA BINH LUAN
Két qua thi nghiém céc tinh chat co ly BTBL

cia 19 dém trong ma trén ké hoach thuc
nghiém dugc trinh bay trongbang 4.

Bang 4. Tinh chit co 1y BTPL tai cac diém quy hoach

Thoi gian dong Khoi lugng thé tich, Cuong & H s o
Piém ké, gio: phit kg/m’ nen bl hdm | o N
Ve, s . 110 thim B,
™ Bét ddu | K& thic| Hén hop Tubi 90 ngay Zzl\rylgayi KOS am
0 (kho gio) cm cm/s

1 18 1700 | 7125 | 2&49 2645 308.4 7.82 BI2
2 20 1650 | 7115 | 2603 2597 241.4 61.22 B4
3 2 17.10 | 7000 | 2651 2648 472.9 5.95 Bl4
4 20 1800 | 7135 | 2614 2608 368.9 45.3 B6
5 20 18.10 | 7115 | 2641 2639 309.9 10.42 BI2
6 19 1750 | 7055 | 2616 2610 242.6 102.86 B4
7 20 1740 | 7105 | 2653 2650 471.6 4.60 Bl4
8 20 1700 | 7215 | 2623 2618 369.2 45.71 B6
9 17 1655 | 7105 2663 2661 437.5 10.76 BI12
10 20 1825 | 7155 | 2608 2600 281.5 120.0 B4
11 23 1805 | 7235 | 27 2623 216.6 36.42 B6
12 20 1700 | 7045 2646 2643 466.9 10.15 BI2
13 20 1725 | 7100 | 262 2619 343.4 10.66 BI2
14 21 1800 | 7130 | 237 2632 336.8 20.14 B10
15 20 1740 | 7155 | 2632 2628 339.1 11.71 BI2
16 23 1720 | 7200 | 2635 2631 340.1 9.14 BI2
17 20 1820 | 7145 | 2632 2618 342.2 12.81 BI2
18 20 1700 | 7235 | 2636 2633 341.6 10.820 BI12
19 20 17.15 | 7055 | 2637 2634 343.1 10.180 BI2

- T két qua thanh phan cac cap phéi BTBL
bang 3, ti I¢ N'CKD = 0,35+0,53. Nhu vay véi
sy c6 mat cua phy gia Sthé hé mai thi ti 1é
N/CKD nhé nhit cta BTDL nghién ctru thip
hon ti 16 NJCKD nho nhit cia BTBL Trung
Quéc st dmg cho dp trong Iuc
(N/CKD=0,43) [1], ti & nay cling nhoé hon ti 1€
N/CKD nhé nhit cia BTPL di thi cong cic
dap trong luc ¢ Viét Nam (N/CKD=0,48) [2].

Tinh odng tac cta BTDL trong quy hoach, Vc
= 17423 s, ndm trong khoang phu hop dé thi
cong; thoi gian BTPK xdp xi 18 go, KTPK
xap xi 72 giv; khoi luong thé tich hdn hop
BTPL, 2579+2685 kg/m®; khi luong thé tich
BTDL (kho gi6) twdi 90 ngiy, 25662676
kg/mB; cuong d6 nén tudi 90 ngiy dat tur
216.6+472.9 daN/em’; hé sb thdm tudi 90
ngly dat tr 120 x10'° + 461 x10™%cm/s, cAp
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chdng tham dat tir B4-B14.
4.1. Anh hwéng cia té6 hop phu gia S-TP
dén cuong do nén BIDL
Phuong trinh hdi quy cta cudong do nén tudi
90 ngiy theo bién ma:

0= 341.4+43.6 X; - 72.4X, - 9.0 X{X, +
6.2X,’ (4)
Nhu vay, cuong @ nén BTBL tudi 90 ngiy
khéng chiu su¢ anh huong cia ham luong

[ KHOA HOC
polymer st ding trong bé tong (khéng co bién
X5 trong phuong trinh). Diéu nay c6 thé duoc
gidi thich do polymer khi tan trong nudc
khong phan tng voi cac thanh phan khéc trong
bé tong dé tao chit méi va ciing khong co tac
dung gam nudc hoic lam hiéu sudt phan tmg
cta CKD.

Bé mit biéu dién cta phwong trinh cudng do
nén BTPL tudi 90 ngly nhuhinh 3.

y R90
o
(&)
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g @
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Hinh 3. Bé m it biéu hién va dwwong déngm e cua ham muc tiéu Ry theo X, va X,

- Tirhinh 3. ta c6 thé dé dingnhan thdy sy anh
huéng &n cudng d6 nén BTBL tudi 90 ngiy
kha rd cua ca 2 yéu t6 1a luong ding phu gia S
(X;) va lugng dung tro bay T (X,): Cuong do
nén BTBL tudi 90 ngdy ty 1é thuan véi S va T.

+ Khi phu gia S ting thi ti 1¢ N/CKD giam dé
tinh cong tac Ve khéng thay @i, lam giam
luong nudce tu do trong BTDL anh hudng dén
cAu tric BTPL tang d dac chic va cuong do
nén va nguoc lai.

+ Khi lrong ding T ting anh huong rd rét dén
cdu tric cta BTPL, ting do rdng do luong
nudc du khong tham gia vao phan tng thuy

hoa xi mang bay hoi va phan ing puzzolanic
cua xi mang vdi tro bay cing gam lam gidm
do dic chic va cuong do nén va ngugce lai .
4.2. Anh huéng cia té hop phu gia S-T-P
dén dic tinh thAm ciia BTPL

Phuong trinh hoi quy cta hé s6 tham tudi 90
ngiy theo bién ma:

Ko =(10.8 - 29.7X, +9.0X, - 4.3X; -8.2 X; X,
+5.1X,X3-5.7%.X; +18.3X,% +43X,*

+1.6X:%)10 " cm /s )

- B& mit biéu thi phuong trinh hoi quy hé sb
tham cua BTPL khi ¢ dinh bién X; nhu trong
hinh 4.
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Hinh 4. Bé m it biéu dién va dwong d(jng muc cuaham muc tieu Koy theo X; va X,

- B2 mait biéu thi phuong trinh hdi quy hé s6 thdm cia BTBL khi ¢d dinh bién X, nhu trong
hinh 5.

Kx10*-10

ST

T

e L e e

ki iy 3
\:\ \‘\:}t“‘gz

0.0 —

Kx104-10
C X3

Hinh 5: Bé m it biéu hién va diwong déngm e cua ham muc tiéu Ky theo X; va X;

- B2 mit biéu thi phuong trinh hdi quy hé s tham cia BTBL khi 6 dinh bién X; nhu trong
hinh 6.
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Hinh 6. Bé m {t biéu hién va dwong dong miic ciia ham muc tiéu Ky, theo X; va X;

Nhén xét: Tir hinh 4, 5, 6 ta c6 thé nhan thiy
luong ding phu gia S (X;) va luong P (X5) ti
1¢ nghich voi hé s6 thim BTDL tudi 90 ngdy,
luong ding T (X,) ti I8 thuan v6i hé sb thim
BTHL tudi 90 ngay.

- Khi luong phu gia S ting thi hé s6 thim
BTHL tubi 90 ngdy gam manh. Didu ndy c6
thé duoc giai thich nhu sau: Khi phu gia Sting
(N/CKD giam) thi luwong nudc ty do trong
BTHL giam nén ham luong xdp dng giam
lam cho hé s6 thim cua BTPL giam manh.

- Khi luong ding P ting thi hé s6 thdm cia
BTBL tudi 90 ngay nhin chung gam, tuy
nhién voi cip phdi co luong dimg S cao (ty 18
N/CKD thép) thi khi ting ham luong P hé sb
thAm cia BTPL gin nhu khong thay doi.
Nguyén nhéan cta hién tugng nay 1a do P tao ra
vi mang trén ranh giéi cau tric & xi mang va
trong b mat cac 16 x6p dan dén giam duong
kinh 18 x6p va ciu tric khong lién tuc lam ting
do bén chéng thim BTDBL. V6i cip phdi bé
tong co ty 1&¢ NCKD nho thi ban than bé tong
da o6 cdu trac dic chic (thé tich x6p va duong
kinh 16 x6p nho) nén & chéngtham tét. Trong
truong hop nay tac dung ning cao do bén tham
bé tong ctia P khong dang ké.

- Khi luong ding T tang thi hé s thim cua
BTPL tudi 90 ngdy ting diéu nay dugc giai
thich: Khi lugng tro bay tang khong chi anh
huwng dn @& bén co, dong thdi con anh
huong rd rét dén cdu tric cta b tong, tang do
rong do lrong nuéc du khong tham gia vao
phan ung thuy hoa xi mang bay hoi va phan
ung puzzolanic cta xi mang véi tro bay cling
giam lam tang hé sb tham BTPL.

5.KET LUAN

Ké qua nghién ciru cho thdy s dung td hop
phu gia héa-khoang-polymer co thé nang cao
0 rét kha nang chéng thdm BTPL, cu thé 1

1. Cac tinh chat cta hdn hop BTBL phu hop
voi diéu kién thi cong hién nay ¢ Viét Nam:
Tmh cong taic BTDL Vc=17+23 giay; thoi
gian it dau dong két dat 16h50+18h; thoi
gian két thuc dong két dat 70h00+72h35.

2. Gidgm manh lugng nudc tron yéu chu trong
BTPL, ti 1¢ N/CKD trong BTBL ¢6 thé giam
t6i N/CKD = 0,35

3. Cuong d6 nén BTPL tudi 90 ngiy dat
M20-M40.

4. BTPL c6 thé dat duoe & chéng thAm cao
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toi 14 atm (cp phéi s6 3,7 bang 3). ¢ thé giam hrong ding xi ming 15kg/m3 (cip
5. P& dat cuong & va & chéng thim cpcs Phoi 11 bang 3).
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