Transport and Communications Science Journal, Vol 73, Issue 3 (04/2022), 268-276

Transport and Communications Science Journal

EFFECT OF MIXING RATIO ON SHRINKAGE OF CONCRETE
USING FINE SAND MIXED WITH CRUSHED SAND IN BRIDGE
CONSTRUCTION

Nguyen Duc Dung®, Nguyen Duy Tien, Thai Khac Chien
University of Transport and Communications, No 3 Cau Giay Street, Hanoi, Vietnam

ARTICLE INFO

TYPE: Research Article

Received: 21/01/2022

Revised: 17/03/2022

Accepted: 25/03/2022

Published online: 15/04/2022
https://doi.org/10.47869/tcsj.72.3.5

“ Corresponding author
Email: nguyenducdung@utc.edu.vn; Tel: +84983418480

Abstract. To overcome the shortage of large-grained natural sand in traffic projects in the
Mekong Delta region, mixed sand made by mixing fine sand with crushed sand is being used
as an alternative. Crushed sand and fine sand have properties that are different from natural
sands such as grain shape, rough surface texture and high friction, which affect the physical
properties of the mixed sand, in particular, increase pore structure, increased surface area, and
increased water absorption, these factors directly affect the shrinkage of concrete. In this
paper, the author presents the shrinkage deformation of concrete using mixed sand. The ratio
of crushed sand/fine sand is selected respectively as 50/50; 60/40; 70/30. The three methods
of curing concrete are, as standard, sealed and curing free, respectively. Experimental results
show that concrete using mixed sand has a higher shrinkage value than concrete using natural
sand, and the ratio of crushed sand/fine sand increases, the shrinkage increases.
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Tom tat. Dé khic phuc tinh trang thiéu cét ty nhién hat 16n trong cac dy &n giao théng ¢ khu
vuc bang sdng Ciru Long, cat hdn hop duoc ché tao bang cach phdi tron cat min voi cét
nghién dang dugc stir dung nhu mot giai phap thay thé. Cat nghién va cat min c6 dac tinh khac
vé6i cat tu nhién vi du hinh dang hat, két cau bé mat goc canh thdé nham va tinh ma sat cao lam
anh huong dén cac tinh chat vat ly caa cat hdn hop cu thé 1a lam ting cau tric 15 rdng, ting
dién tich bé mit, va tang do hap thy nudc, céc yéu té ndy anh huong tryc tiép dén bién dang
co ngbt cua bé tdng. Trong bai béo nay tac gia trinh bay cac két qua nghién ctiu bién dang co
ngdt cuia bé tong co sir dung cat hdn hop. Ty Ié cat nghién/cat min duoc lua chon lan luot 12
50/50; 60/40; 70/30. Ba ché do bao dudng lan luot 13, theo tiéu chuan, boc kin va khong bao
dudng. Két qua thi nghiém cho thay bé tdng sir dung cat hdn hop c6 gia tri co ngét khac cao
hon so vai bé tong sir dung cat ty nhién va ty Ié cat nghién/cat min ting thi co ng6t cua bé
tong tang.

Tiur khoa: Co ngét, cat min, cat nghién.

© 2022 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE

Hién nay, nhiéu noi trén thé giéi viéc thay thé cat vang bang cat nghién (CN) 1a mot van
dé bat buoc do sy khan hiém V.Umamaheshwaran1 [1], cat nghién (hay con goi la cat xay, cét
nhan tao, cat san xuat) véi dac tinh ky thuat tét nhu ddng nhat vé hinh dang kich thudc, khong
bi 1n cac tap chit, d6 nham bé mat cao gitip ting do két dinh cua bé tdng, ngoai ra, c6 thé xay
dung cac nha may san xuat cat nhan tao ¢ khap noi, giam gia thanh van chuyén . . . nén n6
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dugc wu tién lya chon dé dan thay thé cat song. Khu vuc dong bang song Ciru Long khan
hiém cat vang nhung lai ¢6 nguon cat min (CM) ddi dao, cac du an giao thong da sur dung cat
hdn hop bang céach phol tron cat min vai cat nghlen nhu la mot giai phap dé thay thé cét vang.
Cac nghién cau tinh chat vat liéu cat min, cat nghién & khu vuc déng bang séng Ciru Long va
thanh phan bé téng c6 sir dung cat min tron cat nghién da dwoc tac gia trinh bay trong tai liéu
[2], két qua nghién ctru céc dac trung co hoc cua bé tong sur dung cat hdn hop trinh bay trong
tai liéu [3, 4], tdng quan vé van dé co ngdt cua bé tdng sir dung cat min tron cat nghién trinh
bay trong tai liéu [5].

Cét hdn hop phdi tron cat nghién vai cat min c6 dic tinh vat lidu khac véi tu nhién do cét
nghién c6 hinh dang hat va két cau bé mat goc canh thd nham, tinh ma sét cao 1am anh huong
dén céc tinh chat vat ly cua cat hdn hop cu thé 1a lam tang cau tric 15 rong, tang dién tich bé
mat, va tang d6 hap thu nuéc . . . cac yéu té nay co tac dong truc tiép dén dic trung bién dang
€0 ngot cua bé téng.

Co ng6t 1a mot dic tinh ¢ hitu cua bé téng. Su co ngot trong bé tong cd thé duge dinh
nghia 13 su thay doi thé tich do su mat do am & cac giai doan khac nhau do cac nguyén nhan
khac nhau trong d6 c6 ¢t liéu nho. Bién dang co ngét gay ra bién dang cho két cau, ¢ tudi
s6m g suat — bién dang c6 thé dan dén hinh thanh vét nat, 1am giam tinh tham my ciing nhu
sur toan ven cua cau trdc két cu, theo thoi gian co ngdt khd din dén mat mat dy tng luc, gia
tang d6 vdng cho két cau, 1am thay doi (g suat dbi vai cac két cau siéu tinh. Nghién ctiu bién
dang co ng6t caa bé tdng sir dung cat min tron cat nghién 1a rat can thiét.

Theo Hudson 1995 [6] thi hinh dang hat va két cdu bé mat s& anh hudong dén thé tich 16
rdng do d6 anh hudng téi cac tinh chét bé tong trong d6 co co ngédt. Hinh dang hat cua cdt lidu
nhé déng mot vai tro quan trong trong viéc hinh thanh thé tich 15 rong. Tac gia McKeagney
1985 [7] cho rang khi xur 1y truong hop cac hat c6 goc canh c6 thé tich 15 rong 16n, kha thi
nhat la diing céc hat min dé lap ddy cAc 15 rong va ngan can sy mat nuc. Theo Zhang 2013
[8] c6 thé thay rang tinh chat co ngét khd khong chi lién quan dén su mat khéi luong cua
nudc mao dan, ma con cé thé bi anh huéng bai cac dic tinh vat Iy cua cbt lieu min. Nghién
Clru cling cho thay cac loai cat nghién c6 do hap thu nudc cang cao thi bién dang co ngét cang
I6n. Bién dang co ng6t bé tong st dung céat nghién tron cat sdng, theo két qué nghién cau cua
P.M. Shanmugavadivu 2018 [9] cho thay co ng6t khoé cua bé tong cat nghlen cao trong giai
doan dau va s& giam vao giai doan cudi, co ngot khd cua bé tong cat hdn hop chira 70% cét
nghién + 30% cét séng cho gié tri nho nhit.

2. CONG TAC THI NGHIEM

Trong nghién ciru nay tac gia sir dung cat min mo Tan Chau phdi tron véi cat nghién mo
Chau Pha, Tan Thanh, Ba Ria Viing Tau, d4 gbc 1a da Andesite. Két qua phan tich thanh phan
hat ctia cét hon hop cho thy ti 1§ phdi tron CN/CM Ia 50/50, 60/40, 70/30 cho cap phéi phi
hop theo tiéu chuan ASTM C33/C33M [10] va AASHTO-M6 [11]. Trong d6 cap phol hon
hop chira 40% cat min + 60% céat nghién cho cap phdi hat gan véi duong cong cip ph0| t6i wu
theo Iy thuyét Fuller nhit da dugc nhém tac gia trinh bay trong tai liéu tham khao sb [2]. Tinh
toan thanh phan bé tong C40 theo ACI 211.R4-08 [12] va ACI 318-19 [13]. Thanh phan bé
téng va ché do bao dudng cua cac té mau thi nghiém trinh bay trong Bang 1. Mau bé tong ddi
chtng st dung cét vang séng Hong.

Thi nghiém thuc hién theo tiéu chuan ASTM C157/157M [14], mau thi nghiém 1a mau
ling tru c6 kich thuéc 75mm x 75mm x 285mm. Mau duoc théo ra khoi khudn sau 23 + 1/2h
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ké tir khi d6 bé tong. Sau khi thao khudn ngdm mau vao trong nuéc & nhiét do 23 +0.5°C thoi
gian téi thiéu 30 phat cho mau thar 75mm x 75mm x 285mm, vét mau ra lau khé va do gia tri
dau tién. Ngam mau trong nudc & nhiét do 23 +0.5°C cho dén khi miu di dat dwoc do tudi 28
ngay, bao gdom ca thoi gian trong khudn. V6t mau ra lau khé va doc gia tri thir hai. Mau duoc
dua dén budng khi hau duy tri d6 4m 50 + 4% va nhiét do 23 +2°C. S6 liéu do tiép theo sau
khi bao dudng tai 4, 7, 14 va 28 ngay, va sau 8, 16, 32, va gié tri cudi ciing nhém tac gia do
duoc dén thoi diém hién tai 1a 360 ngay tudi.

Cac t6 mau TM1, TM2, TM3, TM10 duoc bao dudng ban dau theo dung tiéu chuan
ASTM C157, sau khi d6 bé tong 1 ngay tién hanh thao khudn, ngdm mau trong nuéc 28 ngay
sau d6 vt ra dua vao dua vao budng khi hau. Cac t6 mau TM4, TM5, TM6, TM11 sau khi
thao khuén dung ni 16ng boc kin nhiéu 16p va dua vao budng khi hau. Cac té mau TM7, TMS,
TM9, TM12 sau khi thdo khuon, dé nguyén dua ngay vao budng khi hau dé nghién cuu.

Bang 1. Thanh phan bé tdng cua cac té mau thi nghiém.

Ximiang| Pa |Catmin| Cat nghién | Botda | Nudc

Tilé biéu kién

Tomau| (ko) | (kg) | (kg) kg (kg) | (lity | CN/CM | bao dudng
TM1 460 1048 | 402,1 402,1 8,2 163 50/50 | Tiéu chuan
TM2 460 1048 | 323,5 475,2 9,8 163 60/40 | Tiéu chuan

T™M3 460 | 1048 | 244 558,4 11,6 163 70/30 | Tiéu chuan

TM4 460 1048 | 402,1 402,1 8,2 163 50/50 Boc kin

TM5 460 1048 | 323,5 475,2 9,8 163 60/40 Boc kin

TM6 460 1048 | 244 558,4 11,6 163 70/30 Boc kin

T™7 460 1048 | 402,1 402,1 8,2 163 50/50 | khéng BD

TM8 460 | 1048 | 323,5 475,2 9,8 163 60/40 | khong BD

TM9 460 1048 | 244 558,4 11,6 163 70/30 | khong BD

TM10 | 460 | 1048 | 805 | CétvangsongHong| 163 Tiéu chuan
TM11 | 460 | 1048 | 805 | Catvangsong Hong| 163 Boc kin
TM12 | 460 | 1048 | 805 | Catvangsong Hong| 163 khéng BD

Budng khi hau c6 nhiét do 23 + 2°C va d6 am 50+4% duoc dit tai Phong thi nghiém bo
mon Vat liéu xay dung truong Pai hoc Giao thong van tai. Nhiét d6 va do am tiéu chuan dugc
khdng ché bang ro le nhiét va ro le 4m. Ro le 4m duoc sir dung véi bo diéu khién am model
FOX-1H cho phép khéng ché do am trong khoang 20% dén 99%, cam bién HS-220, do hién
thi chinh x4c: £1% rdg + 1 digit. Ro le nhiét s dung bo diéu khién nhiét do FOX-E1004, c6
san cam bién diode, khoang do tir 40°C dén 90°C . Ro le nhiét va ro le am cho phép cin
chinh dung d6 am va nhiét d6 xac dinh théng qua bo diéu khién ty dong ddi voi thiét bi tao
am va gia nhiét (hoic diéu khién may hat am, diéu hoa). Thong qua viéc dong cit cong tac
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dugc thyc hién bang nam cham dién méc ndi tiép véi bo ro le nhiét, ro le 4m, chung dam bao
thuong xuyén ¢ ché do nhiét do 23 + 2°C va do am 50+4%.

%Jf; / o )

Hinh 1. Budng khi hau lap dat tai Truong DH Giao thong Van tai.

e %y

Hinh 2. Cong tac ché tao mau thi nghiém.
3. KET QUA THI NGHIEM
Két qua thi nghiém bién dang co ngét cua cac to mau TM1, TM2, TM3, TM10 trinh bay

trong Hinh 3; cac t6 mau TM4, TM5, TM6, TM11 trinh bay trong Hinh 4 va cac t6 mau TM7,
TM8, TM9, TM12 trinh bay trong Hinh 5.

500 105

450 109 ——
. 400 —a
QO
& 350
9 300
g 250 ——TMI-CP50/50
5 5o —=—TM2-CP60/40
; 100 ——TM3-CP70/30

50 ===TM10-CP cat séng

0

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375
Thoi gian do (ngay)
Hinh 3. Biéu d6 bién dang co ng6t theo thoi gian cia TM1, TM2, TM3 va TM10.
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Két qua do bién dang co ng6t trén hinh 3 cho thay, trong 7 ngay dau bién dang co ng6t
tang nhanh, d6 thi c6 dang déc dtng, sau 7 ngay bién dang co ngét ting cham dan. Su chénh
léch co ng6t gitra cac t mau xuat hién dang ké & ngay thir 7 va ting dén ngay 114 sau d6 muc
chénh cd ng6t cua cac td mau on dinh, sau 114 ngdy, muc ting co ngét cua cac to mau kha
déu nhau.

Tai thoi diém 360 ngay, bién dang co ngét cua té6 mau TM3 cd gia tri Ion nhit 1a
435,89x10°6, sau d6 dén t6 mau TM2 c6 gié tri 406,94x10°®, t6 mau TM1 c6 gia tri 1 nho nhat
la 384,37x10. Piéu nay cho thdy bién dang co ngét cua cac té mau bi anh huéng bai ti 16
phdi tron cat nghién va cat min, khi ham luong cat nghién trong cat hdn hop cang tang lén thi
bién dang co ng6t cling tang theo. Xu hudng tang bién dang co ngét trong céc to mau c6 ham
lugng cat nghién cao hon duoc giai thich la do déc tinh vét ly cua cat nghién, nhu cu trac 16
rong va gia tri do rong 16n hon do cac hat ¢ hinh dang goc canh nén kho tron déu, 15 rong bé
mat 16n nén do hap thu nuéc caa cat nghién ciing 16n hon so vai cat min.

Ca 3 t6 mau sir dung cat hdn hop déu co bién dang co ng6t 16n hon so voi td mau doi
chtng st dung cat séng, TM10 c6 gia tri co ngot 1a 367,25x10°°. Piéu nay duoc giai thich boi
cat song c6 hinh dang tron, st dung cap phdi hat tét nén do dic cua céc tu nhién I6n hon, do
rdng nhé hon so véi cat hdn hop. Theo Gaynor va Meininger 1983 [15] cho rang cét nghién
hau hét 1a c6 do goc canh va c6 thé tich 16 rdng ciing nhu nhu ciu nudc cao hon so véi cét ty
nhién tron canh. Michael 2010 [16] béo céo rang do rdng theo ASTM C1252 [17] cua cét tu
nhién thip nhat (45%), cat nhan tao ¢ do rong cao hon (loai cao nhat gan 50%). Néu sk dung
phuong phép hinh anh thi cac hat cat ty nhién co thé tich 16 rdng thap nhat 44,1% cét nghlen
c6 d0 rong cao hon va loai cao nhat 1én dén 55,7%. Do vay, cat nghién va cat hdn hop co thé
tich 16 rdng cao hon so véi cat ty nhién, hon nita cat nghién va cat min c6 do hap thy nuéc Ion
hon so v&i cat song nén khi dé trong méi truong do am khéng khi thip, do chénh léch
gradient d6 am va do su thiy héa mudn nén nudc tir trong cdt liéu s& khuéch tan ra ngoai moi
truong lam ting co ngdt cta bé tdng. Nhu vay, ham luong céat nghién trong cat hn hop cang
cao thi d rong cua cat cang Ion cang lam ting bién dang co ngdt cta bé tong. Nguoc lai, khi
tang ham luwong cat min lam ting do chat, giam do rdng trong cat hdn hop va bién dang co
ngot cling giam.
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Hinh 4. Biéu d6 bién dang co ngét theo thoi gian cia TM4, TM5, TM6 va TM11
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Téc gia da tién hanh do do hit nuéc cua cac loai cat dung trong thi nghiém. Do hit nudc
cta cat dung ché tao cac t6 mau TM1, TM2, TM3 va TM10 lan luot 14 1,43%, 1,58%, 1,605%
va 1,228%. Piéu nay chiing toé cat nghién c6 ¢ hut nuwéc Ién hon cat min va cat min c6 do hit
nuéc 16n hon cat song. Do hit nude 16n caa cat nghién duoc giai thich do tinh chat vat ly cua
cat nghién va do cong nghé san xuét tao ra c4c hat cat nghién c6 bé mat nham hon so vdi cét
song, trén hat bé mat cat nghién tn tai nhiéu 16 nho li ti va cac 16 mao dan nén thim nude
nhiéu hon, do lwong nude hp thu nhiéu vao bén trong cac 15 rong lén, lvong nude nay theo
thoi gian s& thAm dan ra ngoai va thuy hoa xi ming (thiy héa muon) hoic khuéch tan ra moi
truong nén tiép tuc gay bién dang co ngdt bé tong giai doan sau. Bang 3.1 trong tiéu chuan
ACI 224R [18] cho thay cét liéu ¢d do hat nuée 16n thi co ngdt cua bé téng s& Ion hon. Tiéu
chuan nay con cho rang d6 hut nudc cua cdt liéu phan anh d6 rdng va né anh hudéng dén mo
dun dan hoi hay kha nang chiu nén. Mo dun dan hoi thap thuong lién quan véi do hat nudc
cao. Céc cét lieu 6 md dun dan hoi thap déu c6 co ngot kho 16n.
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Hinh 5. Biéu d6 bién dang co ngét theo thoi gian caia TM7, TM8, TM9 va TM12.

Hinh 4 md ta co ngét cua cac to mau duoc boc kin xung quanh bing mang mong
Polyethylene (PE) trong suot. Tuy nhién do hai dau cac mu c6 chot dong nén I6p mang mong
khong dam bao muc do kin khit tuyét d6i nén van cho phép mot phan d6 am mat di. Két qua co
ngdt cua cac to mau nay cho biét thdng tin co ngot cua cac mau néu duoc bao dudng theo cach
boc kin bang mang mong trong thuc té. Phan 16n mac bién dang co ngét 1a co ngdt noi sinh va
mét phan 1a co ng6t khd. Két qua cho thay bién dang co ngét ting nhanh trong 7 ngay dau tién,
va cham dan trong nhitng ngay sau tuong ty nhu trong hinh 3. Cac miu c6 ham lugng cat
nghién 16n van c6 co ngdt cao hon so véi cAc miu c6 ham luong cat nghién thap. Ngoai ra co
ngdt cua mau déi chirng gan xap xi so véi co ng6t cua mau TM4 c6 ham lwong céat nghién/cat
min 1a 50/50. Cu thé tai thoi diém 360 ngay bién dang co ngét caa t6 mau TM6 cé gid tri 16n
nhat 1a 300,62x10°®, sau d6 dén t6 mau TM5 c6 gia tri 1a 284,46x10°®, t6 mau TM4 ¢ gia tri
nho nhat 1a 271,54x10° xap xi so voi TM11 14 265,49x10°6. Trong 28 ngay dau tién bién dang
co ng6t chiém cua cac t6 mau TM4, TM5, TM6, TM11 lan luot 1a 60,63%; 62,82%; 63,49%);
57,50% bién dang ¢ thoi diém 360 ngay.

Tai thoi diém 360 ngay, gia tri blen dang co ngot cua cac t6 mau boc ni 1dng TM4, TM5,
TM6 bang 68,97 + 70,65% S0 Véi cac t6 mau duoc bao dudng theo didu kién tiéu chuan TM1,
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TM2, TM3 va bang 56,22 + 58,50% bién dang co ng6t cua t6 mau khong duoc bao dudng
TM7, TM8, TMO.

Két qua do bién dang co ngot cac mau khong bao dudng trén Hinh 5 cho thay, quy luat
phat trién co ngot cua cac to mau ciing tuong tu nhu trén hinh 3 tuy nhién gia tri co ngot phat
trién Ién hon do co ngot trong thoi gian dau 1a tdng cua co ngdt ndi sinh va co ngét khd. Tai
thoi diém 360 ngay, bién dang co ng6t cua té mau TM9 ¢6 gid tri Ion nhat 1a 534,71x10°, sau
do6 dén TM8 c6 gia tri 1a 496,56x10°6, t6 mau TM7 cd gia tri nho nhat 1a 464,21x10°. Bién
dang co ngdt cua bé tdng sir dung cat séng TM12 1a 434,92 x 10 thap hon 6,3%; 14,2%;
22,9% bién dang cua bé téng cat hdn hop co6 ham luong cat nghién/cat min 1a 50/50; 60/40;
70/30. Trong 28 ngay dau gia tri bién dang co ngét bing 69,73 dén 72,24% bién dang co ngét
tai thoi diém 360 ngay.

So Vi c4c té mau duoc bao dudng theo tidu chuan TM1, TM2, TM3 thi tai thoi diém 28
ngay bién dang co ng6t cua cac to6 mau khéng bao dudng cd gia tri cao hon 151,77 dén
152,93% va tir 120,77 dén 122,67% tai thoi diém 360 ngay. Nhu vay, cac té mau khong dugc
bao dudng theo diéu kién tiéu chuan co toc d6 bién dang co ngét kha Ion & giai doan dau, sau
d6 tdc do bién dang giam dan ¢ giai doan sau.

4. KET LUAN

Gia tri bién dang co ngot do duoc tai thoi diém 360 ngay dao dong tir 384,37x10° dén
435,89x10° d@i Véi cac t6 mau duogc bao dudng theo dieu Kién tiéu Chuér], 271,54X1Q'6 den
300,62x10°° d6i vai cac t6 mau boc PE, 464,21x10° dén 534,71x10° d6i véi cac to mau
khong bao dudng.

Bién dang co ngot cua bé tong sur dung cat hén hop phu thudc vao ti 1¢ phéi tron gitra cat
min véi cat nghién, ham lugng cat nghién trong cat hon hop cang I6n thi bién dang co ngét
cua bé tbng cang cao.

Trong ca 3 truong hop bao dudng tiéu chuan, boc ni 16ng va khong béo dudng, bién dang
co ngot cua bé téng stir dung céat hon hop 16n hon bién dang co ngot cua bé tbng sir dung cat
song.

Trong cac to mau thi nghiém thi t6 mau TM2 cat hdn hop c6 ti 1& phoi tron CN/CM la
60/40 c6 gia tri bien dang co ngot trung binh, cac tinh chat co hoc 6t [2] va s dung dugc
nhieu cat min co gia thanh thap nén dap tmg duoc ca chi tiéu kinh té va ky thuat.
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