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TOM TAT: Bé tong nhe polystyrene 1a vat liéu composite dugc ché tao bang cach dwa hat polystyrene phdng né vao hdn hop
bé tong thong thuong, goi 1a (bé tong nén). Két qua nghién ciru trinh bay trong bai bao nay cho thiy tinh chat ciia bé tong
polystyrene két cAu, nhu tinh cong tac va cuong do chiu nén, phu thudc vao kich thudc hat 16n nhét trong bé tong nén. Giam
kich thudc hat l6n nhét trong bé tong nén 1a bién phap hiru hiu dé tang tinh cong tic va cudng do chiu nén cua bé tong
polystyrene két chu. Ty 1& giam cuong do chiu nén cua bé tong trong cap phdi nén c6 duong kinh hat 16n nhét 1a 20 mm 16n
gap doi so voi bé tong trén co so cap ph01 nén cé duong kinh hat 16n nhit 1a 1,25 mm. O cing kh01 luong thé tich, cudng do
chiu nén cua bé tong polystyrene két cau giam dang ké khi duong kinh hat 16n nhét trong bé tong nén 16n hon 10 mm. Nghién
ctru da ché tao dugc bé tong polystyrene két cdu co kh01 luong thé tich trong khoang tir 1.400 kg/m* dén 1.800 kg/m? va
cuong do chiu nén 16n hon 20 MPa, dap (mg yéu cau vé cuong do va khdi lugng thé tich cho két cdu bé tong va bé tong cdt
thép str dung bé tong nhe.

TU KHOA: bé tong nhe, ¢t lidu polystyrene phong ng, bé tong polystyrene két cau, do sut, cuong do chiu nén.

ABSTRACT: Expanded polystyrene lightweight concrete is a composite which can be made by adding expanded polystyrene
aggregate in normalweight concrete as matrix. The research is focused on the effect of properties and volume of the matrix on
the properties of lightweight concrete. The results show that properties of structural polystyrene concrete, such as workability
and compressive strength, depend on the aggregate's size of the matrix. It also shows that decreasing normal aggregate's size
of the matrix is the effective way to increase workability and compressive strength of concrete. The percentage decrease in
strength of the concretes base on matrix containing 20 mm normal aggregate was large double size compared to the concretes
base on matrix containing 1.25 mm normal aggregate. At the same density, the compressive strength of the structural
polystyrenre concrete significantly decreased when the concrete aggregate diameter greater than 10 mm. The research has
produced expanded polystyrene concrete with density from 1,400 kg/m? to 2,000 kg/m?* and compressive strength more than
20 MPa for structural application.

KEYWORDS: Lightweight concrete, Expanded polystyrene, Structural polystyrene concrete, Slump, Compressive strength.

1. MO PAU bé tong khi chung ap hay bé tong bot. Khoi lugng thé
tich cua bé tong polystyrene c6 thé duqc diéu chinh kha
keramzit, agropolite di dwogc ap dung kha phé bién dé dang va linh hoat béng cach thay do6i luong st dung
trong cac cong trinh x4y dung va giao thong trén thé ct ligu EPS [3, 4]. Ct ligu polystyrene c6 thé st dung
gi6i. Trong khi do, bé tong nhe st dung ¢t lidu nhe 1a hat polystyrene phdng né hodc ¢t lidu thu dugc sau
hitu co nhu hat polystyrene phdng né (EPS) mic du da  khi nghién phé thai polystyrene dang tam [6]. Chat
¢6 cac tmg dung dang khich 1& nhung vin can dugc Iwong cua bé tong polystyrene co thé dugc diéu chinh
nghién ctu mot cach toan dién hon. Bé tong bang nhi€u bién phap, nhu viéc sir dung phu gia khoang
polystyrene cach nhiét két cau, c6 khdi lwong thé tich tir  hoat tinh tro bay [5, 6, 7], phu gia khoang silicafume
khoang 500 kg/m* dén 900 kg/m* dung cho cac san [4], Phu gia tro tréu nghlen min [9]. Nghién ctru [10] da
phém nhu vién xady, panel nhe khong chiu luc, da duoc st dung nano silica fume trong thanh phan bé tong che
nghién ctru va Gmg dung nhiéu. Bé tong polystyrene c6 tao bé tong polystyrene va dat dugc hiéu qua nang cao
thé dwoc ché tao v6i khdi lugng thé tich va cuong d6  cuodong do so v6i phuong an st dung phu gia silicafume
cao hon, dap ung yéu ciu ctia bé tong cho cac két cdu  thong thudng. Viée sir dung cac loai phu gia khoang
chiu lyc, tuy vy, bé tong két cu sir dung c6t lieu  hoat tinh bén canh viéc cai thién cuong do ciia bé tong
polystyrene phong ng chua duge dé cap dén trong cac  con ¢o anh huong nhit dinh dén tinh coéng tic cua
tiéu chuan thiét ké két ciu bé tong va bé tong cdt thép. bé tong polystyrene nén dé nang cao cuong do dong
thoi dam bao tinh cong tac cua hdn hop bé tong, cac
nghién ctru [8, 10] da sir dung phu gia gidm nudc trong
thanh phan ché tao bé tong.

Bé tdong nhe st dung cbt liéu nhe v co nhu

Bé tong polystyrene c6 thé sir dung dé ché tao cac
cau kién chiu lyc dang cau kién duc san hodc thi cong
tai cong truong [1, 2]. Pay la mdt uu thé rat 16n so voi
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Céac nghién ctru [4, 10, 11] ciing cho thdy kich
thudc hat c¢dt liéu EPS c6 anh huong dén tinh chat cua
bé tong polystyrene, ddc biét la cuong do chiu nén. Tuy
nhién anh hudng nay rat 1 rang d6i voi bé tong co khoi
lwong thé tich thap, nhung lai 1a khong dang ké dbi voi
bé tong khdi lugng thé tich cao [4]. Ngoai ra, nghién
ctru [10] cho thdy hat EPS c6 kich thudc 1 mm dén
2,5 mm it anh hudng dén cuong do chiu nén cua bé
tong [10]. Nhu véy, trong ché tao bé tong polystyrene
két cau (BPK) c6 khdi luong thé tich trong khoang tir
1.400 kg/m® dén 2.000 kg/m? thi sir dung hat nhe kich
thudce tir 1 mm dén 2,5 mm khéng anh hudng nhiéu dén
cuong do chiu nén cua bé tong.

Cbt liéu EPS la san pham thu dugc khi gia cong
nhiét hat polystyrene nguyén liéu. Hat EPS c6 dang
hinh cau chuin c6 céu trac x5p bén trong va bé mit hat
tron nhin, khong hut nuéc. Do d6, khac voi cac loai cdt
liéu nhe khac nhu keramzit hay peclit, von 12 loai cdt
liéu nhe c6 ddc diém hat nude manh, su c6 mat caa EPS
trong bé tong khong lam thay ddi luong nude tu do,
cling nhu ty 18 nudc trén xi ming cia bé tong nén. Hat
EPS khong tuong tic vé mit héa hoc véi bé tong nén
ma chi lam giam khdi luong thé tich ciia hdn hop
bé tong. Tuy nhién, sy c6 mit cia EPS v6i modun dan
hdi thap ciing c6 anh hudng nhat dinh dén cac tinh chat
vat 1y, co 1y, bién dang,... ciia bé tong nén. Co thé coi
bé tong polystyrene la hé vt li¢u composit ma ¢ do hat
EPS dugc phan bd déu trong vat lidu nén 1a bé tong
nang thong thuong. Trong d6, hat EPS dugc dua vao
nhiam bién tinh vat liéu nén theo hudng lam giam khéi
lwong thé tich va qua do ciing lam thay ddi cac tinh chat
khac ctia hdn hop bé tong va bé tong. Tinh chét cua
bé tong polystyrene c6 thé dugc nghién ctru trong
mdi quan h¢ anh hudng cia tinh chat hat EPS, tinh chat
bé tong nén va ty 1¢ giita hai thanh phan trén.

Cét liéu EPS ¢6 kich thuée hat tir 1,5 dén 5,0 mm,
nam trong kich thuéc cbt lidu nho. Trong bé tong
polystyrene, trong quan kich thudc hat cdt liéu EPS so
v6i kich thudc hat 16n nhét trong bé tong nén co thé
chia lam ba truong hop.

Khi kich thuéc hat cbt liéu EPS 16n hon kich thuée
hat 16n nhét cta c6t liéu trong bé tong nén, hdn hop vita
xi mang bao boc xung quanh EPS, hat ¢t litu EPS
dong vai tro 1a cdt lidu 16n. Sau khi dong ran thi 16p nay
hinh thanh khung chiu luc cho bé tong. Chiéu day vach
tao boi vira xi mang nay bang khoang cach giita cac hat
c6t lidu EPS. Gia thiét 1a hat c6t liéu EPS phan bd déu
trong thanh phan bé tong theo mé hinh sép xép chit khit
nhit. Khi d6, vé6i ciing kich thudc hat thi khoang cach
giira cac hat c¢6t liéu EPS 13 nhu nhau. Trudng hop nay,
tuong ty nhu ciu tric bé tong keramzit véi viée sir dung
cbt lidu 16n keramzit va bé tong nén sir dung cbt liéu
nho 1a cat ning thong thuong. Do d6, c¢6 thé tinh duoc
hé s du vita trong bé tong. Nghién ctru [3] da cho thy
hé s6 du vita c6 anh huong 1on dén cac tinh chét bé tong
polystyrene c6 khéi luong thé tich thip hon 700 kg/m?.
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Tuy nhién voi BPK, c6 khdi lugng thé tich trong
khoang tir 1.400 kg/m* dén 2.000 kg/m* va c6 kich
thudc 1én nhat coa cdt liéu nang nhod hon kich thuéc cbt
liéu EPS thi hé sb du vita cao. Do cuong do chiu nén
ctia cbt liéu EPS la khong dang ké nén bé tong nén
dong vai tro lam khung chiu lyc. Tinh cong tac cua
BPK phu thudc vao tinh chit bé tong nén va khoang
cach giita cac hat cdt liéu EPS.

Mit khac, véi BPK c6 khéi lugng thé tich trong
khoang tir 1.400 kg/m* dén 2.000 kg/m?, khoang cich
giita cot lidu EPS du 16n dé sir dung cbt lidu 16n trong
bé tong nén. Khi do6, kich thudc hat c6t liéu EPS nho
hon hodc bﬁng kich thudc hat 16n nhat cua cbt lidu
trong bé tong nén. Vi ty 1& thé tich bé tong nén cao,
khéi lugng thé tich hdn hop bé tong cao, chiéu day
thanh vach tao boi bé tong nén bang khodng cach gilra
cac hat EPS. Tuy nhién, khi giam ty 1¢ thé tich bé tong
nén thi sy c6 mit cua ct liéu 16n c6 thé anh huong dén
phan bd EPS trong bé tong. Khi do, c¢6 thé xem nhu
EPS phan bd déu trong hdn hop vita xi ming cta
bé tong nén. Lic ndy, giam ty 1¢ thé tich bé tong nén thi
luong vira xi mang giam, khoang cach gitta cbt liéu
EPS giam, anh huong cua kich thudc cbt lidu ning
trong bé tong nén dén cudng do BPK ting.

Két qua ung dung thuc té di cho thiy bé tong
polystyrene dugc danh gia 1a vat liéu co nhiéu trién
vong phat trién tai Viét Nam do c¢6 uwu thé so véi
bé tong to ong ¢ kha nang chong thim, c6 wu thé so véi
bé tong keramzit & kha ning chii dong ngudn nguyén
liéu. M6 rong ung dung bé tong polystyrene trong xay
dung & Viét Nam trong giai doan toi co thé dat duoc
nh¢ phat trién hé san pham BPK véi khdi lugng thé tich
dén 2.000 kg/m?’, cudng do chiu nén trén 20 MPa, dap
ng yéu cau st dung trong cac cu kién, két ciu bé tong
cbt thép chiu Iyc. Bai bao nay trinh bay cac nghién ctru
duogc thuc hién tai Vién Chuyén nganh Bé€ tong - Vién
Khoa hoc Cong nghé xdy dung vé anh hudng cia kich
thudce hat 16n nhit cua cbt lidu trong bé tong nén dén
tinh cong tac va cudng do chiu nén cia BPK c6 khdi
luong thé tich tir 1.400 kg/m?® dén 2.000 kg/m®.

2. VAT LIEU VA PHUONG PHAP

2.1. Vit liéu

Nghién ctru da st dung cbt lidu EPS san xuat boi
Cong ty Co phan Hanel X6p nhya. Cac tinh chit cua
EPS dugc trinh bay tai Bang 1.

Xi mang str dung 1a PC40 But Son, c6 cudong do tudi
28 ngay 1a 44,3 MPa, khéi luong riéng 1a 3,05 g/em’, 46
min 1a 3.410 cm¥g. Silicafume D920 c6 khdi lugng riéng
la 22 g/cmg/cm3 chi sb hoat tinh theo cuong do 1a 1,0.
Pé tang tinh cong tac, da sir dung phu gia siéu déo gbc
polycarboxylate SP c6 kha nang gidam nudc 25-30%, ty
trong 1,05 + 0,02 g/ml, ham lugng cht kho 28,7%. Dé
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diéu chinh d¢ nhét cta hdn hop bé tong da sir dung phu
gia dang bdt trén co sé hydroxy propyl metyl xenlulo, ky
hiéu VM, c6 do pH 4-8, d nhét 35.000 - 47.000 mPa.s

hat 16n nhét tuong ung la 0,63 mm, 1,25 mm, 5 mm.
Céc tinh chat cua cbt lidu dugc trinh bay trong Bang 2.

Bang 1. Cdc tinh chit ciia hat EPS

(dung dich 2% & 20°C).
. STT Chi tiéu Ponvi| Giatri
Cot liéu 16n st dung trong nghién ciru la da dam
gbc cacbonate, gdbm hai loai D1 va D2, c6 kich thudc I | Kich thudc hat mm | 1,5+2,5
hat 16n nhét tuong tng 1a 10 mm va 20 mm. Cét liu 2 |Khdi luong thé tich cta hat | kg/m? 19,7
nhd gom c6 3 loai ky hiéu 1a C1, C2, C3 ¢6 kich thude 3 |Khéi lrong th X tich x 6p ke/m’ 1.1
Bang 2. Tinh chit ciia cbt ligu
STT Chi tiéu ky thuat Don vi Cl C2 C3 D1 D2
1 Khéi luong riéng g/cm? 2,66 2,65 2,65 2,85 2,85
2 | Khéi lugng thé tich bdo hoa nuéc | g/em? 2,64 2,64 2,64 2,84 2,84
3 | Khéi lugng thé tich kho g/cm? 2,62 2,63 2,63 2,8 2,8
4 Do hat nude % 0,4 0,2 0,2 0,5 0,5
5 | Khéi lugng thé tich xbp kg/m? 1.310 1.430 1.440 1400 1410
6 | Do hdng % 0,45 0,45 0,45 0,50 0,50
7 Ham lugng bun, bui, sét % 0,7 0,5 0,5 - -
Thanh phan hat (sot riéng)
20 mm - - - - 0
10 mm - - - 0 100
5 mm 0 0 0 100 0
2,5 mm 0 0 8,5 0 -
8 %
1,25 mm 0 0 16,8 - -
0,63 mm 0 47,1 21,8 - -
0,315 mm 45,7 28,6 27,7 - -
0,14 mm 48,9 19,9 20,8 - -
day sang (< 0,14) 5,4 4,4 4,4 - -

2.2. Phwong phap thi nghiém

Tinh chit cua vat lidu st dung va hdn hop bé tong
dugc xac dinh theo cac phwong phéap tiéu chuin quy
dinh trong tiéu chuan qudc gia. Riéng véi hat EPS, do
¢6 khdi luong thé tich nho hon nhiéu so véi khéi luong
thé tich ctia cbt lidu thong thuong, nén nghién ctru nay
da xac dinh khéi luong thé tich hat EPS bang tinh toan,
thong qua viéc xac dinh khdi lugng thé tich x6p va do
rong ciia cdt lidu, theo phuong phép da ap dung trong
nghién ctu [2]. PO hdng giita cac hat dugc xac dinh
bang ty 1¢ thé tich nudc thém vao 6ng dong vai cac hat
EPS duoc db sin va giit & mirc ¢b dinh.
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Nghién ctru da str dung mé hinh toan dé tinh noi suy
cac gia tri cuong do tai cac muc khéi luong thé tich va
cuong dd chiu nén dya trén cac sb6 lidu thi nghiém
thuc té.

2.3. Cach ché tao bé tong

BPK duoc ché tao béng cach thém mot lugng cbt
liéu EPS nhat dinh vao bé tong nén.

Dé nghién ctru anh huong cua bé tong nén va EPS
dén tinh chat cua BPK d str dung cac cip phdi bé tong
nén véi tinh chit va vat liéu khac nhau (Bang 3). Luong
dung vat liéu BPK duoc tinh toan trén co so khéi luong
thé tich hon hop bé tong va tinh chét vat liéu dau vao.
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Bang 3. Cip phoi bé tong nén sir dung trong nghién ciru

Luong dung vat liéu Tinh chét
Khdi
Kyhigu | DM |y N | ¢ | b | sk |se | mc |2 ;?1? Sﬁinfeio

kg/m?* | litym* | kg/m* | kg/m* | kg/m® | I/m* | kg/m? tich, | mm MPa

kg/m?
MO0.63.80.21 | 0,63 793 | 309 | 970 - 79,34 | 7,93 | 1,19 | 2.160 | 220 82,0
MO0.63.80.18 | 0,63 779 | 303 | 953 - 77,94 | 5,80 | 1,17 | 2.120 | 180 72,0
MO0.63.80.14 | 0,63 776 | 302 | 949 - 77,61 | 4,66 | 1,16 | 2.110 | 140 60,4
M1.25.80.21 | 1,25 768 | 299 | 938 - 76,76 | 7,68 | 1,15 | 2.090 | 210 82,5
M1.25.80.18 | 1,25 754 | 293 | 921 - 75,37 | 5,61 | 1,13 | 2.050 | 180 84,1
M100.80.21 10 595 | 231 | 727 | 661 | 5947|595 | 0,89 | 2.280 | 205 78,2
M100.80.18 10 587 | 228 | 718 | 653 | 58,73 | 444 | 0,88 | 2.250 | 180 76,5
M100.80.14 10 574 | 223 | 702 | 638 | 5744 | 351 | 086 | 2.200 | 140 75,5
M200.80.21 20 597 | 232 | 730 | 664 | 59,73 | 597 | 090 | 2.290 | 205 81,1
M200.80.18 20 593 | 231 | 724 | 659 |5927 | 3,62 | 089 | 2270 | 180 82,4
M200.80.14 20 587 | 228 | 718 | 653 | 5875 3,59 | 0,88 | 2.250 | 140 82,2

3. KET QUA VA BAN LUAN

3.1. Tinh cdng tac ciia bé tong polystyrene két ciu

Trude tién, dé nghién ciru anh huong cia khoi
lwong thé tich dén tinh cong tic cta hdn hop BPK, da
st dung cic cip phbi bé tong nén MO0.63.80.21,
M1.25.80.21, M100.80.21, M200.80.21. Cac cdp phdi
nén nay st dung 4 loai c¢dt lidu c6 kich thuéce hat khac
nhau, c6 cung lugng dung phu gia VM 1a 0,15% va c6
cung tinh cong tac. BPK duoc ché tao bang cach thém
EPS d¢ hdn hop BPK dat gia tri khdi lugng thé tich
trong khoang dinh trudc 1a 2.000 kg/m?, 1.800 kg/m?,
1.600 kg/m?, 1.400 kg/m®. Cac két qua xac dinh tinh
cong tac cua hon hgp BPK dugce trinh bay trén Hinh 1
trong mdi twong quan véi khdi lugng thé tich cua hdn
hop BPK.

Két qua thi nghiém (Hinh 1) cho thy tinh cong tc
va khdi luong thé tich ciia bé tong polystyrene phu
thudc chii yéu vao ty 1¢ thé tich bé tong nén. Khi giam
ty 16 thé tich bé téng nén, khéi lugng thé tich bé tong
polystyrene giam, dong thoi, tinh cong tac giam. Mirc
giam tinh cong tac ciia hdn hop BPK ting khi ting kich
thudc hat 16n nhit cta bé tong nén. Véi ciing muc khbi
lwong thé tich 1a 1.400 kg/m?, tinh cong tac ciia hdn hop
bé tong c6 cip phdi nén M0.63.80.21 vin & mirc
120 mm trong khi cac hdn hop bé tong sir dung cap
phdi nén M100.80.21, M200.80.21 chi dat tir 20 dén 60
mm. Nhu véy, voi ciing khdi lugng thé tich cia BPK va

32

cung tinh cong tac ciia hdn hop bé tong nén thi ting
kich thudc hat 16n nhat ciia bé tong nén, lam gidm tinh
cong tac cia hon hop BPK.
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=
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o
=
Lol
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£ 0 T T T T Y
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Ty |8 thé tich bé téng nén, %
A MO0.63.80.21 + M1.25.80.21
= M100.80.21 « M200.80.21

Hinh 1. Anh huong ctia khdi lugng thé tich dén
tinh cong tac cia hon hop BPK

Dé 1am rd anh hudng cua tinh cong tac va kich thudce
hat 16n nhat cia bé tong nén dén tinh cong tic cua hon
hop BPK, thi nghiém da duogc thuc hién voi cac hon hop
BPK c6 khdi luong thé tich 1.600 kg/m? dua trén cap phoi
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bé tong nén MO.63.80.21, M1.25.80.21, M100.80.21,
M200.80.21 tai Bang 3. Tinh cong tac cua bé tong nén
duogc diéu chinh thong qua viéc thay doi ty 1€ stir dung phu
gia siéu déo trén xi mang.

160 «
140 4
120 4
100 4
80 9
60 1
40 4

20 o

Tinh céng tac cia hén hgp D1600, mm

o T T r
120 140 160 180 200 220 240

Tinh céng tac cia hén hep bé téng nén, mm

A M0.63.80.21 * M1.25.80.21
——M100.80.21 M200.80.21

Hinh 2. Anh huong ciia tinh cong tac bé tong nén
dén tinh cong tac cia BPK

Két qua thé hién trén Hinh 2 cho thdy, véi cap phdi
nén sir dung ct lidu 16n D1 va D2, tinh cong tac cia
hén hop bé tong giam nhanh chong khi khéi lugng thé
tich bé tong giam. Cu thé, voi cap phdi nén st dung cbt
liéu D2 c6 tinh cong tac 1a 180 mm thi tinh cong tac cua
hdn hop BPK 1a 10 mm tai D1600, trong khi do, gia tri
tuong tng khi cdp phdi nén sir dung cbt licu DI Ia
50 mm, cdt liéu C1 1a 140 mm. Nhu vay, kich thudc hat
trong bé tong nén cang nhé thi mirc d6 giam tinh céng
tac cang it.

D6 1a do, khi bd sung thém hat EPS vao hdn hop
bé tong nén di lam giam lugng hd trong hdn hop BPK.
HO chat két dinh bao boc xung quanh hat cbt liéu, lép
day cac 16 rdng giita cac hat cdt liéu, dong thoi co vai
tro lam 16p dém tao d6 déo cho hon hgp bé tong. Khi sir
dung cbt lidu EPS dé lam giam khdi lugng thé tich cua
bé tong thi thé tich hd xi ming trong BPK nho hon
trong bé tong nén. Cang giam khdi lugng thé tich BPK,
thé tich hd xi ming cang giam, lam giam tinh cong tc
ctia hon hop.

Dé xem xét anh huong cia tinh cong tac bé tong
nén dén tinh cong tac ciia BPK, nghién ciru di ding cac
cap phdi nén M200.80.21 (Bang 3) st dung ct liéu C3
va D2 kich thude hat 16n nhat 1a 20 mm, cdp phdi nén
M0.63.80.21 (Bang 3) sir dung cbt liéu C1 c6 kich
thude hat 16n nhét 13 0,63 mm. Hon hop BPK, sau khi
bd sung lugng hat EPS dinh trudc, dugc xac dinh tinh
cong tac va khoi luong thé tich. Dya trén céc s6 liéu nay,
nghién ctru di xac dinh phuong trinh héi quy thé hién
tuong quan gitra tinh cong tac ciia hdn hop BPK va tinh
cong tac clia bé tong nén. DO thi Hinh 3, Hinh 4 dugc xay
dung voi khdi lugng thé tich BPK & cac mie 2.000 kg/m?
(D2000), 1.800 kg/m* (D1800), 1.600 kg/m*(D1600),
1.400 kg/m?* (D1400).
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Hinh 3. Anh hudng cua tinh cong tac hdn hop
bé tong nén str dung cot li€u D2

Hinh 3, Hinh 4 cho thdy quan hé tuyén tinh giira
tinh cong tac clia hon hop BPK va tinh cong tac cua
hdn hop bé tong nén. Khi tinh cong tac bé tong nén
giam 40 mm thi tinh cong tac ciia hdn hop BPK
cling giam khoang 40 mm. Piéu nay thé hién tinh
cong tac ctia hon hop BPK khong chi phu thudc
lwong dung ¢6t liéu nhe ma con phu thudce tinh chét
ban diu ciia bé téng nén. Cac cap phdi da sir dung
trong phan nghién ctu nay cé luong dung nudc,
bao gom luong nudc co trong phu gia siéu déo,
khong d6i. Do d6, v6i cung mire khéi luong thé tich
thi ¢ thé coi thanh phan cdt liéu cia BPK 1a nhu
nhau, 16p dém tao bdi ho chét két dinh nhu nhau.
Tinh cong tac khac nhau giita cac cip phdi BPK co
cung khéi lugng thé tich hoan toan chiu dnh huéng
boi d6 linh dong ciia hd chat két dinh trong pha nén.
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Hinh 4. Anh huong ctia tinh cong tac hdn hop bé tong
nén st dung cot ligu C1

Két qua ciing cho thay sy khac biét 16n vé& mirc do
suy giam tinh cong tac ctia hon hop BPK khi sir dung
bé tong nén c6 kich thudc hat 16n nhit khac nhau. Véi
hdn hop bé tong sir dung cbt lidu C1 c6 kich thude hat
16n nhét 1a 0,63 mm, tinh cong tic ctia hdn hgp BPK
giam khoang 20 mm dén 30 mm khi khéi lwong thé tich
BPK giam 200 kg/m?. Trong khi d6, hon hop bé tong sir
dung cbt liéu D2 ¢6 xu hudng giam tinh cong tac nhanh
hon, tinh coéng tic ctia hdn hop BPK giam khoang
40 mm khi khéi lugng thé tich giam 200 kg/m?.
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Diéu nay ciing di duoc thé hién & Hinh 1. Nhu vay, voi
cung tinh cong tic cua hdn hop bé tong nén, voi cliing
khéi luong thé tich cua BPK, khi ting kich thudc hat
c¢bt liéu trong bé téng nén thi tinh céng tic cua BPK
giam va muc d§ giam tinh cong tac ting.
3.2. Cudng do chju nén

Viéc bd sung vao bé tong nén mot luong cbt lidu
EPS c6 cuong do nhd lam cuong d6 BPK giam tuy
nhién mic suy giam cuong d6 con phy thude vao mot
50 yeu t6. Dé nghién ctru anh huong kich thuge hat 16n
nhat trong bé tong nén dén cudng do chiu nén cua

bé tong polystyrene, nghién ctru da tién hanh trén cac
cip phéi nén M1.25.80.21, M200.80.21 (Bang 3).

Két qua cho thay, cuong do chiu nén cia BPK chiu
anh huong trugc hét boi ty 1¢ thé tich bé tong nén
(Hinh 5). Sy suy giam cuong d6 khong theo quy luat
tuyén tinh ma theo dudng cong véi sy thay ddi cuong
d6 16n khi khéi lugng thé tich dudi 1.600 kg/m?. Mtrc
d6 giam cudng do chiu nén & cap phdi nén M200.80.21
c6 st dung cbt litu D2 16n gip doi cép phdi nén
M1.25.80.21 sir dung cbt lidu C2. Didu nay chung to
cuong d6 chiu nén cua bé tong polystyrene con phu
thudc duong kinh 16n nhét ca cbt liéu bé tong nén.

Cuong do bé tong polystyrene giam khi kich thuge
hat lon nhit trong bé tong nén ting (Hinh 5). Vei cap
phéi nén M200.80.21, khi pha lodng bé tong nén bang
hat EPS, cac hat nay phan bd déu trong pha vira giita
céc hat c¢dt lidu 16n (Hinh 6). Khi luong polystyrene
phdng né thém vao du 16n khién cho hd chét két dinh
khong du dé bao phii bé mat cac hat cdt lidu gdm c6 cdt
lidu 16n, cat, EPS, thi cu tric ciia bé tong polystyrene
c6 chuyén bién dang ké thé hién ¢ két ciu da chat két
dinh tré nén khong lién tuc. Lic nay, cuong do chiu nén
clia bé tong polystyrene giam manh. Vi cac cdp phdi
nén M1.25.80.21, cuong do chiu nén cua bé tong
polystyrene van duy tri tot & mirc khéi luong thé tich
thip.Anh huong cta kich thuéc hat 16n nhat trong
bé tong nén dén cudng d6 chiu nén cua bé tong
polystyrene tuong dong voi cac két qua nghién ctu tinh
cong tac ciia hon hop bé tong.
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40
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10 -

0

Curdrng 4§ nén & 28 ngay tudi, MPa

55 B0 65 70 75 80 85 90 95 100
Ty 1§ thé tich bé téng nén %

——Poly. (M1.25.80.21) - — Poly. (M200.80.21)

Hinh 5. Quan h¢ giita cuong d6 chiu nén
va khoi lugng thé tich cia bé tong

Hinh 6. BPK sir dung bé tong nén M200.80.21

D6 1a do lugng hd vira xi ming trong bé téng nén
16n hon trong bé tong nhe. Thé tich hd trong bé tong
polystyrene nho hon trong bé tong nén. Cang giam khéi
luong bé tong polystyrene thi thé tich hd cang giam. Do
hat polystyrene phdng né co tinh dan hdi cao, cuong do
chiu nén thap nén cudng dg cua bé tong polystyrene
phu thudc nhleu vao cuorng d6 va cau trac vung lién két
v6i bé tong nén. Khi giam khdi lugng thé tich, chiéu
day cta ving lién két nay giam, anh huong 16n dén kha
nang chiu nén cia bé tong polystyrene.

Nghién ctru tuong quan cac tinh chit cia bé tong
polystyrene va duong kinh cdt liéu trong bé tong nén da
cho thdy tai mdi muc khdi lugng thé tich nhét dinh cua
bé tong polystyrene, ton tai giéi han kich thudc hat 16n
nhit cua bé tong nén sao cho cuong do chiu nén cia
BPK dat gia tri 16n nhét.

4. KET LUAN
Céc két qua nghién ctru trinh bay & trén cho thiy:

- Voi bé tong polystyrene két cdu, duoc ché tao
bang cach bd sung lwong hat polystyrene vao bé tong
nén, ty 1¢ thé tich bé tong nén c6 anh huong 16n dén
tinh cong tac. Theo d6, tinh cong tac giam khi giam ty
1¢ thé tich bé tong nén hay giam khoi lugng thé tich
bé tong polystyrene. Khi dg sut cua hon hgp bé tong
nén giam 40 mm thi do sut ciia hdn hop bé tong
polystyrene tuong tng ciling gidm khoang 40 mm;

- Murc thay ddi tinh cong tac cta hdn hop bé tong
polystyrene phu thudc kich thudc hat 16n nhat trong
bé téng nén. Kich thudc hat 16n nhat cta bé tong nén
cang nho thi mirc giam tinh cong tac cang thap khi giam
ty 1é thé tich bé tong nén;

- Ty 1¢ thé tich bé tong nén la yéu td chinh anh
huong dén cudong do chiu nén cua bé tong polystyrene.
Cuong do chiu nén cua bé tong polystyrene két ciu giam
khi giam ty 18 thé tich bé tong nén. Mirc giam cuong do
bé tong polystyrene phu thuge kich thude lon nhit cua
cot liéu trong bé tong nén. Vi cung cuong do bé tong
nén, dudng kinh ¢t liéu 16n nhét ciia bé tong nén cang
nho thi mirc giam cudng d6 chiu nén cang thap. Trong
nghién ciru, khi ty 1¢ thé tich bé tong nén giam tir 85%
xudng 70% (khdi lugng thé tich giam 15%) thi muc do
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giam cuong do chiu nén khi sir dung cbt lidu Dmax 20
lon gap doi so véi khi st dung cot liéu Dmax 1,25;

- O cung khoéi luong thé tich, cuong d chiu nén cua
bé tong polystyrene giam dang ké khi duong kinh cot
liéu bé tong nén 16n hon 10 mm.
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TOM TAT: Tir lau, xi hat 1o cao di duoc st dyng lam phu gia trong san xuét bé tong & Viét Nam, tuy nhién nhiing ung
dung khac ciia GBFS lai thuong bi bé qua. Nhidu nha may san xuét sit va thép & Viét Nam khong quan tim dén GBFS.
Chat lugng GBFS thuong khong 6n dinh, tinh chét, thanh phan va san pham cta nd thuong thay doi. Pay 1a mot trong
nhiing rao can dbi véi viéc ap dung rong rai GBFS. Bai viét nay tap trung vao cac tai liéu ky thuat cia GBFS 1am co s cho
viéc danh gia kha nang ap dung cho céc tai li¢u xay dl_mg. Két qua thu dugc chi ra rang GBFS ¢ Viét Nam c6 kich thudc
hat trong pham vi trung binh, trong lugng riéng 13 1,0 g/cm’, trong lwong riéng nho hon 2,3 g/em’®, ham lugng CaO va Si02
khoang 35-37%. GBFS phu hop st dung trong céc cong trinh xdy dung dan dung va lam vt li¢u thay thé «cho vat li¢u tu
nhién. Tuy nhién, can luu ¥ rang viée str dung truc tiép GBFS trong hon hop bé tong va vira con nhidu vin dé chua phu
hop, vi vay can tiép tuc nghién ctru kha ning tng dungcia GBFS trong xay dung.

TU KHOA: GBFS, hon hop bé tong, do sut, cuong do udn, cuong do nén.

ABSTRACT: Granulated Blast Furnace Slag has been used for concrete admixtures for a long time in Vietnam, but it has
not noticedfor many other purposes of construction. Many factories of iron and steel productions in Vietnam are not
interested in GBFS.The quality of GBFS is often unstable,its componentand propertiesare often changed. This is one of the
barriers to the widespread adoption of GBFS. This paper focuses on the engineeringproperties of GBFS as a basis for
applicability assessment toconstruction materials. The obtained results indicate that GBFS in Vietnam have grainedgrade
in range of medium to course size, bulk specific gravity is approximate 1.0 g/cm’, specific gravity is less than 2.3 g/em’ and
content of CaO and SiO; is around 35-37%. It is suitable for civil engineering works and ground improvement materials.
However, it should be noted that direct use of GBFS for concrete and mortar will meet difficult and not suitable, so this
possibility of application should be further studied.

KEYWORDS: Granulated blast furnace slag, concrete mixture, slump, flexural strength, compressive strength.

1. INTRODUCTION Production of GBFS and GGBF §
1 =
Granulated blast furnace slag (GBFS) is material
created by rapid cooling of a slag melt of suitable
composition, obtained by smelting iron ore in a blast \ B

furnace, consisting of at least two thirds by mass of
glassy slag and possessing hydraulic properties when
suitably activated [1, 2]. GBFS mentioned in this =
study has a coarse-grain sand shape-liked, which is ke
smaller than 5mm and contains less fine-grain
component. GBFS is mainly in form of glass and its

‘Granulator
(rapid quenching
with water)

grains are extremely angular. The composition of £§.’£§:§Z‘L

GBFS is a combination of silica and other non-ferrous

components of iron ore, ash from coke used as a Grinding Wil

reducing material, and limestone auxiliary material |

[5]. Fig. 1 shows the process of generating iron and G?:EE':Z:E.?S.

steel slag, and Fig. 2 is a photo of the blast furnace (6GEFS)

slag of Tuyen Quang iron steel factory. Fig. 1 Process of generating iron slag
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Nowadays as a result of improving environmental
awareness, iron and steel slag is highly regarded as a
recycled material that can reduce impacts on the
environment due to its resource-conservation and energy-
saving effects. Table 1 gives a general view of primary
characteristics and applications of iron slag in the word.

i

Fig. 2 Granulated blast furnace slag of Tuyen Quang
iron steel factory

GBFS has been applied to concrete admixtures in
Vietnam for a long time, but applying as material for
civil engineering works, ground improvement
material, etc., has not almost unnoticed. Many steel
and iron factories in Vietnam have not cared about
quality of GBFS. GBFS has often unstable quality. Its
composition and properties are often changed. This is
one of the obstacle of application of GBFS to the
abundant purpose of construction. Therefore, studying
the applicability of GBFS for construction material
production in Vietnamese conditions is an urgent
requirement in terms of economic, technical and
environmental aspects. This study will outline some of
the key features of GBFS and their applicability as
construction materials.

Table 1. Characteristics and applications of iron slag [5]

Characteristics

Applications

Strong latent hydraulic property when

Raw material for Portland blast furnace slag cement

finely ground

Blending material for Portland cement

Concrete admixtures

friction, large water permeability

Low Na,O and K,0 Raw material for cement clinker (replacement for clay)
Latent hydraulic property Material for civil engineering works, ground improvement
Lightweight, large angle of internal material  (Backfill ~material, earth cover material,

embankment material, road subgrade improvement material,
sand compaction material, ground drainage layers, etc.)

Does not contain chlorides.

No alkali-aggregate reaction

Fine aggregate for concrete

Fertilizer component (CaO, SiO;,)

Calcium silicate fertilizer

Soil improvement

. METHODS OF STUDY

To determine and assess the properties of GBFS,
this study conducted a series of experiments directly
on GBFS and indirectly on GBFS-contained hard
concrete. GBFS was compared with NS through
indirect experiments. In other words, GBFS was
considered as fine aggregate in concrete.

2.1. Sample preparation

Materials used in this study include coarse-grain
sand shape-liked of GBFS, coarse-medium size of
nature sand, Portland cement, and water. Natural sand
(NS) used in this research has moderate gradation with
specific gravity of 2.64g/cm’, and dry specific gravity
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of 1.480g/cm’. The analysis results of GBFS and NS are
compared to Vietnamese building standard TCVN
7570:2006 [6]. Portland cement used for this study is
PC40 with a density of 3.12 g/cm’, a specific gravity of
1.865g/cn?’, and surficial area of 340 m?/kg.

Beside the preparation of granulated slag
samples, the slag was also mixed with NS as partial
replacement of fine aggregate in concrete. Four
specimen sets were prepared, in which the control
mix contains 100% NS and the remaining 3
specimen sets were prepared with different
alternative GBFS/NS ratio of 40/60, 50/50, and
60/40, respectively. Crushed rock is an important
composition of concrete, which it has diameter
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of 20mm in maximum. The ratio of water/cement
(w/c ratio) was equal to 0.56 and 0.66 in order to
keep the initial slump of the mixture around 9.0 and
the slump after 30 minutes around 6.0-6.5 among
the GBFS/NS ratios. The amount of each material
need for 1.0 m’ concrete is given in Table 2. Those
materials were mixed together in order to carry out the
experiments and to spicemert cubic with the
dimension of 150x150x150mm for compressive test
and 150x150x300mm for flexural test.

Table2. Component of 1.0 m’of concrete mixture [4]

Sample Cement | Crushed | pipe aggregate (kg) | Water
sl PC40 rock )
(kg) (kg) | Total | NS | GBFS
M, 35.2 1104 | 72.2 | 72.2 0 19.8
M, 352 1104 | 72.2 | 433 | 289 | 21.6
M, 352 1104 | 72.2 | 36.1 | 36.1 | 22.6
M; 35.2 1104 | 72.2 | 289 | 433 | 23.1

2.2. Bulk specific gravity of concrete mixture

Fig. 3 shows an image of determination of bulk
specific gravity of concrete mixture. The testing
procedure is as follows: pour and compact the
concrete mixture to a 5-letter volume mold, use a flat
ruler to remove the excessing mixture from mold
surface, remove the adhesive from the outside and
determine the volume of all mold to 0.2% accuracy.
This experiment agrees well with construction
standard of TCVN 3108:1993.

o’

Fig. 3. Determination of bulk specific gravity of
concrete mixture

2.3. Slump test

Fig. 4 expresses the images of slump test of the
concrete mixture. This is the method of determining
the flexibility of the concrete mixture. The experiment
are determined by pouring the concrete mixture
through a hopper into 3 layers, each layer makes up
about one-third the height of the mold. After the
concrete mixture is stable, take the hopper out for 5-10
seconds. Measuring the height difference before and
after hopper released, and the slump of concrete is
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then be determined. This experiment is in accordance
with construction standard of TCVN 3016:1993 [9].

Fig. 4. Determination of slump of concrete mixture

2.4. Time of setting

This experiment agrees well with construction
standard of TCVN 9338:2012 [8].Before carrying out
the experiment, use a pipet tube to remove the water
from the surface of the concrete mixture. The
penetration resistance is then determined by inserting
a needle into a force-meter and the needle surface
contact with the mixture surface. Apply force
vertically to the force-meter slowly until the needle
penetrates deep enough into the mixture (25 £ 2) mm.
The time required for penetration is 10 + 2 s.
Measuring the penetrated force and the trial time. The
penetration resistance is, therefore, calculated by
dividing the recorded penetrated force by the area of
the tip of the needle. Recording the calculated results
with the precision up to 0.1 MPa.

2.5. Compressive strength

Determining the compressive strength by sample
set. Each specimen set consist of three pieces. The
standard piece for determination of compressive
strength has the dimension of 150 x 150 x 150mm.
Compressive strength is checked for each specimen
set with curing time of 3, 7, and 28 days. Defining the
force-bearing area of the specimen with measuring
precision of parallel edge pairs of two compressed
sides up to Imm. Determining the compressed area of
the top and bottom sides is in accordance with the
average values. Thence, the failure load is defined.
The maximum force obtained is the load need to
destroy the sample.

Compressive strength is calculated by the

P
following equation: R = = ax; , where P is the
failure load (daN), F is force-bearing area of the
sample (cm®), « is the conversion coefficient.

2.6. Flexural strength

Fig. 5 shows the sampling and testing of flexural
strength of the GBFS concrete. It is determined by
gradually apply load onto three concrete blocks under
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standard condition until the specimen failed.
Specimens were cast into the cylindrical metal mold.
The cylindrical specimen is, then, inserted into the
flexural system and conducted the experiment by
increasing the velocity of applying load from 10N/s —
S50N/s until the specimen failed. Recording the
maximum load need to the specimen failed. The
flexural strength of trial specimen Ru (N/mm?) is then
calculated by the equation:
P x1

Ru=15x & >
bxh

where Pu is the flexural force

(N), 1 is the distance between two points of applying
force (mm), b and h is the width and the height of the
trial specimen, respectively (mm).

3.2. Fundamental characteristics of typical GBFSs
in Vietnam

The physical and chemical properties of some
GBFSs in Vietnam are given in Table 3 and 4. The
chemical component of general Japanese GBFS in is
also given for comparation purpose. It can be seen that
some GBFSs in Vietnam have basic properties
different from that of Japan, even its component and
characteristics are different from batches.

Table 3. Typical component of some GBFS
in Vietnam [3]

Fig. 5. Sampling and testing of flexural strength
3. RESULTS

3.1. Grained size distribution of GBFS
The curves of grain size distribution of some
Vietnamese GBFS are given in Fig. 6. In general, the
curves of the slag mentioned here are in range of
upper and lower limit of the standard TCVN 7570 [6].
100 Iy

—&— Thai Nguyen

zg : —— Tuyen Quang
10 —— Hoa Phat GBFS
60 | —— Hoa Phat BOF
50 | === Lower limit TCVN 7570
40 | ==~ Upper limit  TCVN 7570
30 -
20
10 4
0 T ‘ T ‘ .
0 05 1 15 2 25 3 35 4 45 5

Grained size (mm)

Fig. 6. Grained size of the GBFS of several
sources in Vietnam [3]
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Chemical GBFS GBFS Japanese
component | Hoa Phat | Thai Nguyen GBFS
MKN 0.99 - -
Sio, 35.54 36.12 33.80
CaO 40.95 37.65 41.70
ALO; 10.95 12.74 13.40
Fe,05 0.72 2.36 T-Fe=0.40
MgO 9.20 8.19 7.40
SO; 0.14 0.26 -
K,O 0.67 0.91 -
Na,O 0.43 0.16 -
TiO, 0.32 0.30 -
i MnO - - 0.30
‘IB P,0;s - - <0.10
‘ Cr <0.001 <0.001 -
S2” 0.62 0.72 0.80

Table 4. Typical physical properties of some GBFS
in Vietnam (tested results and adapted to [3])

GBFS Thai |GBFS Hoa GBES
Parameter Neuven Phat Tuyen
gy Quang
Specific gravity,| 2.297 2.558 2.473
g/em’
Water 2.98 2.52 2.22
absorption
Bulk density, 0.821 1.096 1.027
g/em’
Grain size | Larger than| Course Course
(by TCVN course grained grained
7570:2006) |grained sand| sand sand
Grain > 5 mm, 11.8 1.7 2.1
%
Modune of grain|  3.12 3.36 3.07
(grain<5 mm)
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3.3. Effect of GBFS on slump of concrete

The higher slump gets, the more cement, water,
and additives are used; so the concrete is dehydrated
and separated between rock fragments and cement.
The obtained result of changing of slump is shown in
Fig. 7. For each sample with different NS and GBFS
ratio, the initial slump and the slump after 30 minutes
varied significantly. In particular, the significant
difference is identified between the specimens of
constant water/concrete ratio (w/c 0.56) and
inconstant water/concrete ratios (w/c = 0.56 - 0.66).
For the specimen set with w/c = 0.56, the experiments
are performed for three sets, i.e., My (0% GBES), M;'
(40% GBFS), and M,' (50% GBFS). For the specimen
set with the inconstant ratios of w/c = 0.56-0.66, the
experiments are performed for four sets, namely, M,
(0/100), M; (40/60), M, (50/50), M3 (60/40).As the
amount of water keeps constant, the slump of the
concrete mixture significantly reduces if the GBFS
increases. The initial slump was 9.0cm with 0% GBFS
and sharply dropped to 2.5cm and 2.0cm when the
GBFS amount reaches to 40% and 50%. The results
indicate that the replacement of GBFS will
significantly reduce the flowability of the concrete.
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10 20 50 a0
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Fig.7. Relationship between GBFS

and slump of concrete

3.4. Effect of GBFS on setting time of concrete

The initial setting time and completed setting time
for four sets of specimen are taken into account. The
obtained results express the relationship between the
setting time and the weight ratio of GBFS used in the
concrete mixture. Fig. 8 shows that if the weight ratio
of GBFS increases from 0 to 60%, the setting time
will increases. In another word, the setting time will
be longer with the increasing of percentage of GBFS.

3.5. Effect of GBFS on compressive strength of concrete

The compressive strength of the specimens in two
cases, i.e. constant and inconstant w/c ratio, was
determined to evaluate the strength and the effect of
water ratio in the concrete mixture with different
percentage of GBFS. Fig. 9 shows the results

40

of compressive strength for different percentage of
GBFS in case of ratio of w/c = 0.56-0.66 and initial
slump be around 9. From thisfigure, onecanrecognize
that the compressive strength increases as the curing
time get longer. It is observed for all the specimens. In
this case, compressive strength at all mixture ratio and
all curing time e of replacement GBFS specimens is
significantly lower than those of control mix. It also
should notice that the percentage of GBFS is lower,
the compressive strength is higher.

450 T T

Time —s— |nitial setting time
—+— Completed setting time
400 +—— —
350 +——
_________I
300 ——
250
0 10 20 30 40 50 60
9% GBFS
Fig. 8. Content of GBFS and setting time
of the concrete mixture
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Fig. 9. Compressive strength of concrete
with w/c ratio = 0.56-0.66,slump [ 9cm
350
£300
-
=
2350
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Fig. 10. Compressive strength of concrete
with w/c ratio = 0.56, slump changed

When the water ratio is constant, i.e., w/c ratio = 0.56,
the initial slump decreases from 9.0cm with replacement
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GBFS = 0% to 2.0cm with replacement GBFS = 50%
(Fig. 10). In this case, values of compressive strength
of the specimen M;’, M,’ isapproximate that of
control mix of My. The compressive strength values
increase gradually overcuring times of 3, 7, and 28
daysfor all specimens with differentreplacement
GBFS. The compression strength isinverse ratio to
percentage of GBFS.

3.6. Effect of GBFS on flexural strength of concrete

The flexural strength of concrete is determined to
evaluate the bending resistance ability of concrete
specimens. This experiment is just performed in case
of w/c ratio changed, i.e. slump of all specimens is
around 9cm. Fig. 11 expresses the obtained results in
case of w/c ratio = 0.56-0.66 and slump = 9cm. It
shows that flexural strength of concrete decreases as
the percentage of GBFS replaced increases. The
difference of flexural strength is remarkable
comparing between specimens of replacement GBFS
with the control mix specimens. Flexural strength of
concrete also increase over time. However, the
impressive increase is just obtained from the date of
3" to 7™ After 7 days the increase gets gradually slow
until the date of 28"
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Fig. 11 Compressive strength of concrete in case w/c
ratio = 0.56-0.66, slump ~ 9cm

4. DISCUSSION

In the recent years, under pressure on natural
resources, environmental protection, and economic
development, GBFS has been widely used for a
variety of purposes. In Vietnam, although a huge
amount of GBFS has been produced annually, they
are still not cared about utilizing function yet. GBFS
herein is just used a part as cement admixture and the
remaining is for export purpose. Besides, the quality
of domestic GBFS is not controlled, the composition
and properties are unstable.

There have been studies about the use of activated
GBFS as an additive for cement production, additive
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for concrete and mortar, backfill material, earth cover
material, embankment material, road subgrade
improvement material, sand compaction material,
ground drainage layers, etc. However, those studies
have been in small scale. The authorities association
of Vietnam government, i.e. Ministry of Construction,
has been issued the guideline on iron and steel slag for
use as construction materials after decision
No0.430/QD-BXD [3], and the related building codes
such as TCVN 4315 [7].

A considerable scientific projects aiming at “study
granulated blast furnace slag for cement production in
Vietnam” have been executed. This study gave the
crucial assessments about the use of GBFS as an
additive for cement and concrete production as well as
their influence on environment and human health.
Ministry of Construction of Vietnam has issued the
technical guidelines related to use of GBFS. This
mentioned about the classification and identification
of the properties, the impact on environment of iron
and steel slag, and the use as construction materials.
The guideline also addresses on the applications of
GBFS as the mineral additive for cement, concrete
production, as fine aggregates for concrete, material
for embankment, road construction, as well as guide
for use of iron and steel slag. However, the guidelines
is still quite basic, no specific and detail instructions
for each types of slag at different stages of
designation, construction, and maintenance, etc.
Hence, there could be many difficulties during using
each type of slag due to the unclear and less detailed
instructions. In fact, most of the GBFS in Vietnam has
only been used as an additive in cement production.
Research and application of GBFS for abundant
purposes of construction materials has been almost
neglected.

This study contributes to supply several technical
properties and characteristics of typical GBFS in
Vietnam as a basis for their application for
construction materials purposes. The obtained results
indicate that GBFS is in range of medium to coarse
grained size, bulk density is approximate 1.0 g/cm’,
specific gravity is just 2.2 g/cm’, and content of CaO
and SiO, is around 35-37%. This basic properties of
Vietnamese GBFS is different from that of Japan as
well as other developed countries. Mechanical
properties of GBFS is also indirectly evaluated by
concrete mixture used a part of this slag. The study
experimented two cases of water/cement ratio for the
concrete mixture, i.e. w/c ratio is constant and
inconstant. As w/c ratio is constant, the difference of
compressive strength of the specimens is almost
negligible. Although there is also a small gap of
compressive strength between control mix of M, and
the replacement BGFS specimens of M, and M,’.
However, the slump of concrete mixture is totally
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different. The initial slump of M;” and M,’ gets 2.5cm
and 2.0cm. Concrete mixture with such slump will
cause difficulties for the actual construction. For w/c
ratio is inconstant, which slump is kept at 9.0cm the
difference of compressive and flexural strength
between control mix of M, and the rest ones is
significant. Compressive and flexural strength of the
specimens decrease as the amount of GBFS increase
in the concrete mixture.

5. CONCLUSIONS

The quality of GBFS in Vietnam is normally not
controlled, its composition and properties are
unstable. This may lead to difficulties in applicability
of GBFS as construction material purposes. This
paper focuses on the technical properties of some
GBFSs for construction material purposes. The
findings are given below:

- GBFS in Vietnam is commonly in range of
medium to coarsed grained size, content of CaO and
SiO2 is around 35-37%. This basic properties of
Viernamese GBFS is different from that of Japan, where
the slag is almost controlled in high and stable quality.

- The mechanical properties of GBFS is indirectly
evaluated. In case of the w/c ratio = 0.56, slump of the
concrete mixture decreases as the GBFS increases.
The compressive strength of the partial GBFS
specimens reaches value of the control mix. In case of
the w/c ratio 0.56-0.66, slump is kept almost
constant. The compressive strength values at all mixed
ratio and all curing time of replacement GBFS
specimens is lower than those of control mix. The
amount of GBFS is lower, the compressive strength is
higher. Flexural strength of the specimens decreases
as the amount of GBFS increases. Flexural strength
values of the partial GBFS specimens are lower than
those of control mix.

- GBFS in Vietnam are suitable for making civil
engineering works and ground improvement
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materials. However, it should take much more studies
to make it clearer.
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TOM TAT: Bai viét trinh bay cac két qua nghién ctru thye nghiém tai Vién KHCN Xay dung dé xac dinh cuong do chiu
nén cia bé tong cuong do cao ché tao tir cbt liéu cat nghién khi chiu nung néng & cac mirc nhiét do tir 100 °C dén 800 °C.
Két qua nghién ctru nay duoc so sanh véi mot sé két qua nghién ciru tuong tu da duoc thuc hién & nude ngoai dé xem xét
tinh twong ddng ciing nhu khing dinh thém vé co so thyc tién cta nghién ciru tai Viét Nam.

TU KHOA: Nhiét do cao, Bé tong cuong do cao, Cat nghién, Cuong do chiu nén.

ABSTRACT: This paper describes the results of experimental research implemented in Vietnam Institute for Building
Science and Technology (IBST) determining compressive strength of concrete manufactured by using crushed sand being
heated by elevated temperature of 100 °C to 800 °C. The result is evaluated against similar researchs from overseas for
compartibility and qualification of the technical base of the research in Vietnam.

KEYWORDS: Elevated temperature, High strength concrete, Crushed sand, Compressive strength.

1. MO PAU

Két cdu bé tong cbt thép thuong duoc coi la co
nhidu loi thé khi 1am viéc trong diéu kién chiu tac
dong cua lira [1]. biéu nay c6 dugc la nho vao mot sb
dic diém tu nhién (tinh khong chay, tinh dan nhiét
thap, ...) giap bé tong khong nhing bao vé duge cho
¢dt thép chiu luc ma con duy tri duge vai trd tham gia
chiu luc trong tiét dién theo tinh toan thiét ké. Khi tinh
toan thiét ké cac két ciu, cAu kién bé tong cbt thép nodi
chung chiu tac dong cua ltra doi hoi phai xem xét cac
dic trung co hoc va vat Iy ctia bé tong theo nguyén tic
¢ bién d6i, cu thé 1a cac dac trung vat liéu thay ddi
theo mirc nhiét do tac dong. Trén thé gidi da co nhiéu
nghién cuu vé anh huoéng cua nhiét 6 cao dén cac dac
trung co, 1y, nhiét ciia bé tong ndi chung, dugc tong
hop va trinh bay trong mot s6 tai liéu nhu [2 3, 4,3, 9]
Céc nghién ciru da chi ra nhiéu yéu t6 anh huong dén
dac trung vat li€u ctia bé tong khi chiu tac dong cua
nhiét do cao, nhu loai ¢t liéu, khdi lugng thé tich, do
am, cdp cuong do, loai xi mang, sy tham gia cua cac
chat tron thém hodc phu gia... trong do loai cdt lidu
dong vai tro rat quan trong. Diéu nay cho thay cac dic
diém cu thé cia mdi quoc gia hodc hep hon 1a ving
cung cap vat lidu dé ché tao bé tong ciing c6 thé can
dugc xem xét riéng dé dam bao kha ning ap dung cua
c4c mo hinh phan tich 1y thuyét vao thyc té duoc phu
hop hon.

Viét Nam hién nay dang ap dung mét sb tiéu
chudn nudc ngoai dé thiét ké két ciu bé tong chiu tac
dong cua ltra, vi du nhu [, % ° '. Theo cac tiéu
chuén nay, cach thiét ké don glén nhét 13 lya chon
chiéu day 16p bé tong bao vé theo cic bang tra
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hodc biéu dd cho trude cin clt vao dic diém cua loai
bé tong, cdu tao tiét dién va thoi gian chiu lira yéu ciu.
Bén canh do6 con c6 cac phuong phap tinh toan nang
cao doi hoi phai xem x¢ét dén nhimng van dé phuc tap
hon, vi du diéu kién lién két, cac dic trung vat lidu, su
phan bd cta nhiét do trén tiét dién,... Mot yeu cau co
ban dé 4p dung dugc cac phuong phap thiét ké nang
cao 1a phai c¢6 cac s liéu vé dic trung vat liéu thay
d6i theo nhiét do. Cin clr vao cac nghién ctru da co,
tai liéu [7] dé xuat cac s liéu ap dung chung cho thiét
ké song van khuyén céo c6 nhimg danh gia riéng theo
diéu kién 4p dung cu thé & mdi qudc gia hodc mdi loai
vat liéu.

Qua tim hiéu tai mot 6 co sO trong nudc cd san
xuit cdu kién bé tong cbt thép duc sin, hién nay viéc
st dung cac dang ¢6t liéu min thay thé cat tu nhién, vi
du thtr pham khi nghién da dam (cat nghién) hodc tro
xi nhiét dién, dé lam bé tong dang dan phd bién.
Thanh phan khoang hoa ciia cac vat lieu dé c6 thé
khoéng gidng nhu cua cat tw nhién c6 ngudn goc tir da
trdm tich v&i thanh phan chu yéu 1a Dioxit Silic (SiO,)
['']. Khi duge sir dung dé ché tao bé tong ding trong
cac cau kién xay dung va chiu tac dong cua diéu kién
nhi¢t do binh thuong (khong cao hon 50°C) [12]
nhimg khac biét nay c6 thé khong anh hudng nhiéu
dén tinh nang chiu luc cua két ciu, song dudi tac dong
cta diéu kién nhiét do cao nhu khi chiu tac dong cua
lira thi diéu d6 c6 nhimng anh hudéng nhat dinh [3].

Téng hop cac két qua nghién ctru dd c6 & ngoai
nuée [°] chua thiy 15 duge anh hudéng cua nhiét do
cao dén cac dic trung co hoc cua bé tong st dung cot
liéu min 1a cat nghién. O Viét Nam, hién chua thdy c6
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cong bd nao vé két qua nghién ciru nhitng anh hudng
cua nhiét d6 cao dén dic trung cuong do cua bé tong
néi chung. Viéc trién khai nghién ctru vé anh huéng
ctia nhiét do cao dén cuong do cia bé tong cdt liéu cat
nghién & Viét Nam bén canh muc tiéu chinh con nhim
xdy dung va khing dinh cac co s& vé phuong phap
luan cling nhu thiét bi phuc vu cho nghién ctru thyc
nghiém trong nuéc dbi voi bé tong ndi chung trong
diéu kién nhiét do cao.

2. NGHIEN CUU THU'C NGHIEM

2.1. Quy trinh va thiét bi thir nghiém

Lién quan dén nghién ctru thuc nghiém xem xét
anh huong ctia nhiét do cao ddi voi bé tong cuong do
cao, c6 2 cong trinh dang quan tam la: (1) H. L.
Malhotra ['*]; va (2) Phan T. Long va Nicholas J.
Carino ["].

Cin cir vao trang thai ctia mau khi thir nghiém nén
(Hinh 1), H. L. Malhotra [14] dua ra 3 khai niém vé
cuong d chiu nén cua bé tong trong diéu kién chiu
nhiét d6 cao gom: (1) Cuong do hing nhiét va hing
tmg sudt (Constant temperature constant stress
strength); (2) Cuong d6 hing nhiét (Constant
temperature strength); va (3) Cuong d0 con lai
(Residual strength).

Nhiét @6
Nhiét a6
Nhiét a6

5°C/phut 5°C/phat

I I
| |
I I
I I
l l
Thoigian t Thoigian t Thoigian  t

_

Thoigian t

A

Ung sut
Ung suét
Ung suét

.

Thoigian  t o

Thoigian t

a) b) c)

Hinh 1. Céc trang thai cta mau khi thu nghiém chiu
nén: a) c6 nén trude trong khi tang nhiét; b) khong
nén trude trong khi tang nhiét; ¢) nén sau khi ngudi

Trong tai liéu [15], Phan T. Long va Nicholas J
Carino trinh bay qua trinh thir nghiém va cac két qua
nghién ctru vé cac dic trung co hoc cua bé tong cudng
d6 cao khi chiu tic dong cua nhiét do cao. Trong
nghién clru ndy, cung voi tac dong cua nhiét do cao,
¢6 3 yéu td dugc xem xét vé anh huong dbi v0i cac
dic trung co hoc cuia bé tong cuong do cao gom: (1)
trang thai cia mau khi thr nghiém (Hinh 1); (2) ti 1¢
nudc/xi mang; va (3) lugng st dung Silica fume trong
bé tong. Pham vi nghién ciru xem xét bé tong co
cuong do chiu nén tir 40 MPa dén 75,3 MPa duoc ché
tao tir cbt lidu tho 1a da, géc carbonat kich thuéc hat
16n nhét 13 mm va c6t liéu min 1a cat vang ty nhién.
Céac méu try duong kinh 100 mm x chiéu cao 200 mm
duoc thtr nghiém nén theo c4 3 trang thai véi 6 mirc
nhiét d6 gdm 25 °C, 100 °C, 200 °C, 300 °C, 450 °C va
600 °C (chi mot s6 loai mau), tbc do tang nhiét trong
qua trinh thir nghiém 1a 5 °C/phut.

44

Nghién ciru nay tap trung tim hiéu sy thay ddi vé
cuong do chiu nén ¢ trang thai hz"mg nhiét cua mot loai
bé tong cbt liéu cat nghién, dung dé ché tao cau kién
thuc té, vai cudng d6 mau lap phuong tiéu chuén theo
thiét k& 70 MPa duéi tac dong cua diéu kién khong
nén trude khi ting nhiét & 9 mirc khac nhau gom nhiét
d6 moi truong binh thuong (25 °C), 100, 200, 300,
400, 500, 600, 700 va 800 °C. Chuong trinh thuc
nghiém dugc xdy dung dua trén nhitng dé xuat cua
RILEM vé cac quy trinh chuan dé xac dinh cac dic
trung vat liéu cua bé tong trong didu kién lam viée
binh thuong ciing nhu diéu kién bat thuong, trong do
¢6 xac dinh cuong d6 chiu nén & diéu kién nhiét do
cao ['°]. Lién quan dén mau thir, quy trinh ché tao
cling nhu thir nghiém va thiét bi thir nghiém, c6 3
diém dang luu ¥ nhu sau:

- Kich thude cdt liéu thé khong duge 16n hon 25 %
duong kinh mau. Mau co6 thé dugc dic trong khudn
hodc khoan 16i trén két cau thue. Kich thude ciia miu
phai 1a hinh try véi ti 18 gitra chiéu cao va duong kinh
(46 manh) ndm trong pham vi tir 3 dén 4. Puong kinh
nhoé nhit cia mau dac khong dugce nhé hon 5 1an c&
hat 16n nhit;

- Cac mau thr & trang thai kho phai dugc luu giit
trong khuon it nhat 12 7 ngay sau khi diic xong va sau
d6 dé ra diéu kién khong khi ¢ 20 °C + 2 °C, do am
tuong d6i 50 % + 5 % cho dén khi thir nghiém;

- Tc do ting nhiét ciia 1o dbi v6i mau co duong
kinh 75 mm khong qua 2.0 °C/phut. Sau khi nhiét do
bé mit mau dat ngudng du kién thi gitr 6n dinh trong
khoang thoi gian 60 phut + 5 phat. Néu thoi gian giir
nhiét khac voi quy dinh trén thi coi 1a phép thir khong
theo tiéu chuan.

Hé thiét bi phuc vu nghién ctru (Hinh 2) gém 2
phan co ban 1a: (1) Lo gia nhiét; va (2) Hé gia tai nén.
Pay 1a hé thiét bi do nhom nghién ctu tu thiét ké va
ché tao, mot sb thong tin co ban vé thiét bi nhu mé ta
duéi day:

- Lo gia nhiét chay dién (Hinh 2 a)) cau tao hinh tru
rong véi ong 16i 10 1am bang bé téng chiu nhiét, chiéu
day thanh éng 20 mm, duong kinh trong 105 mm. Viéc
sir dung dng 16 bang bé téng chiu nhiét cho phép tao
ra moi truong nhiét ddng déu theo chiéu cao va chu vi,
dong thoi co thé béo vé dugc bg phan tao nhiét trong
truong hop mau thu bi pha hiy. B phdn tao nhiét la
cac day dién tr¢ cudn quanh 6ng 16 va ndi voi bo diéu
khién gia nhiét. Bo diéu khién gia nhiét cho phép chu
dong thay dbi ngudn cép vao cac day dién trg dé tao
ra cdc muirc nhiét dd on dinh theo tung gia tri dinh
trudce. Qua trinh ting nhiét duoc kiém soat vé tbc do
nhiét gia ting theo thoi gian (tir 1 °C dén 30 °C trén 1
phat). Lo gia nhiét va hé thong kiém soét nhiét do da
dugc kiém tra va khang dinh vé sy phan bd nhiét do
theo chiéu cao ciing nhu theo chu vi va tinh 6n dinh
clia moi truong nhiét do ['7].
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- Hé gia tai nén (Hinh 2 b)) gdm mot khung chit
nhat td hop tir cac thanh thép tiét dién H va mot kich
thay luc ndi véi bom dau. Do hé kich va bom dau
duoc van hanh thu cong nén trudc khi thir nghi€m,
toan by hé thong (gdom ca dong ho ap luc) da duogc
hiéu chuén bang Loadcell.

Tém chin
bang Calcium
Silicate

Vo boc be;mg
thép khong ri,
day 3 mm
| Lop vat ligu
cach nhiét

260

| Day dién tro
gia nhiét
Ong 16 bang

vat liéu chiu
Iira

Day dién tro 2105
gia nhiét .

Lop vat ligu

cach nhiét

Hinh 2. Hé thiét bi gia nhiét va thir nghiém nén: a)
Lo gia nhiét; b) H¢ gia tai nén

2.2. Ché tao miu thir

Téng sb hon 35 mau tru dugc ché tao tir hdn hop
bé tong lay truc tlep tai ddy chuyén san xudt cac san
pham bé tong dic san, nha may tai Vinh Phuc. Cac
dic diém vat liéu va thiét k& thanh phan cdp phdi
bé tong nhu sau:

- C6t lidu tho (da gbe carbonat), kich thude 5 dén
10 mm;

- Cat nghién tir da gbc carbonat c6 thanh phan hat
nhu trinh bay trong Bang 1;
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- Xi mang PC40;

- Phu gia Sika Plast 204;

- Thanh phan cép phéi theo trong luong:
Ximang : Cat: Pa: Nuoc=1:2:1,92:0,27;
- Do sut (cm): 0 dén 2.

Bang 1. Thanh phin hat ciia cat nghién
stt dung dé ché tao bé tong

L sang Khéi Luong sét | Luong sot
(mm) luong (g) | riéng (%) | tich liy (%)
5 .
2,5 154 15,4 15,40
1,25 177 17,7 33,10
0,63 283 28,3 61,40
0,315 176 17,6 79,00
0,14 132 13,2 92,20
<0,14 78 7,8 100,00
Biéu do thanh phan hat cua cat
0 nghién
10 -
~ 20 /l/ ‘,0 /
s 30 / il //
> 7
Z w0 /// - /
S 50 o
% o // L
£ 70 A
3 80 =4
%0 4 -
100
014 0315 063 1,25 25 5

C& sang (mm)

Cian ctr nhimg khuyén cdo vé cu tao mau theo
[16], dac diém vat liéu st dung trong thuc té va cac mirc
nhiét d6 dy kién xem xét da lua chon miu tru c6 duong
kinh 70 mm va chiéu cao 250 mm (sau khi gia cong cét
phang 2 dau). Voi kich thude mau nhur vy céc chi tiéu
vé d6 manh cta mau va ti 1& gitra duong kinh va ¢& cbt
liéu tho 16n nhét tuong tng s¢ 1a 3,6va 7,0.

Céc mau dugc dac cung mot thoi diém trong
khuén bang éng PVC cao 300 mm, day 3 mm va ddm
trén ban rung theo timg 16p (Hinh 3). Sau khi dic
xong, mau dugc bio dudng 7 ngay trong khuon tai
mit bang xudng san xuat roi van chuyen vé Phong TN
dé thao khuon. Mau duge dé ¢ diéu kién méi truong
khong khi binh thuong trong khoang thoi gian 4 thang
tinh cho dén khi lam thir nghiém nén. Gia tri trung
binh cta khdi lugng thé tich & diéu kién chua sy la
2,444 kG/m’, v6i d6 léch chuén 1a 30,1 kG/m’.
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b)

Hinh 3. Qua trinh chuan bi mau:
a) Cac mau tai thoi diém vura duc xong;
b) Cac mau da dugc gia cong cat phang

2.3. Qua trinh thir nghiém

- Nhﬁm tranh hién tugng nd bé tong do ting ap hrc
nude 10 rong bén trong khi bi tang nhiét dot ngot [ ]
cac mau déu dugc sdy o nhiét do 105 °C dén khdi
luong khong ddi trude khi dwa vao 10 gia nhiét dé
nung 1én dén nhiét d6 thir nghiém.

- Tai mdi mtrc nhiét do co it nhat 03 miu dugc thir
nghiém nén. Cac mau sau khi ldy ra tir ti sy duoc
dua vao 10 va ting nhiét voi toc do ting khoang 20 °C
/ 1 phuat. Viéc lgya chon tbe do tang nhiét cao hon so
v6i nhitng khuyén cao cta [16] nhdam hai muc dich:
(1) xem xét nhitng khac biét c6 thé xay ra so voi cac
két qua nghién ciru da c6 trude do, voi tbc do tang
nhiét phd bién ¢ mirc 2 °C dn 5 °C / 1 phit; va (2) toc
d6 tang nhiét d6 nay gan tuong duong véi toc do ting
nhiét khi chiu tac dong cua dam chay theo duong
Nhiét do - thoi glan tiéu chuan ["°] trong giai doan
khoang 15 phut dau tién, thoi diém thuong xay ra hién
tuong nd bé tong.

- Trong sudt qua trinh gia nhiét khi thir nghiém
mau duoc dé tu do (khéng nén trudce khi tang nhiét, so
dd Hinh 1 b)), cho dén khi dat ngudng nhiét do du
kién, tiép do6 1o gia nhiét dugc duy tri on dinh trong
khoang thoi gian 60 phiit r6i méi tién hanh gia tai dé
nén pha hiy mau. Bén canh viéc ghi lai gia tri lyc pha
hay 16n nhat con ghi nhan hinh thirc mau bi pha huy
theo quy dinh trong tai liéu [**]. Mot s hinh anh ghi
nhin qua trinh thir nghiém nén mau duoc trinh bay
trén Hinh 4.

- Trong quaé trinh thir nghiém & muc nhiét do 400
°C va 500 °C, lyc pha hily mau c6 xu huéng khong
giam, tham chi mot s mau con cao hon so véi cac két
qud ghi nhan dugc & muc nhiét dd trude do. bé ¢6 co
so khang dinh thém vé cac két qua thir nghiém, & 2
mirc nhiét d6 nay da dwoc nén bod sung thém tuong
g 1a 2 va 3 vién mau. Hinh 5 thé hién hinh anh tong
thé cac vién mau sau khi thir nghiém xong.

3. KET QUA THUC NGHIEM VA SO SANH VOI
NHUNG NGHIEN CUU TUONG TU

Theo [16], cuong do chiu nén ciia miu khong bi
nén trudc trong qua trinh ting nhiét dugc xac dinh
bang cong thirc:
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1 _max(F) (M
4
A
Trong do
fT La cudng do nén & nhiét do cao nhat ghi
c

nhan khi tién hanh thtr nghiém (MPa)
max(F ) Lucnénlén nhét ghi nhan dugc (N)

A

Dién tich tiét dién ctia mau trude khi thi
nghiém (mm?)

a) b)

Hinh 4. Hinh anh vé: a) h¢ thong gia tai nén;
va b) qua trinh thir nghiém

Hinh 5. Tdng hop cac mau sau thir nghiém

Do yéu céu vé kich thugc mau thir néu trong [16]
khac so v6i quy dinh vé kich thudce mau try tiéu chuan
nén viéc hiéu chinh két qua vé cuong do nén cua mau
tru tiéu chudn dugc thuc hién cdn clt vao cac két qua
nghién ctru va kién nghi néu trong [*']. Ngoai ra, &
diéu kién nhiét do cao khong thuc hién dugc viée lam
phing bé mit tiép xic cia mau & hai diu (capping)
bang cac bién phap thong thuong, nén thir nghiém nén
duoc thuc hién véi bé mat ¢ hai dau cia mau dé
nguyén nhu sau khi gia cong cét phing. Cac két qua
nghién ciru so sanh cuong d6 cliia cac mau try bé tong
¢6 capping bang luu huynh véi m?tu chi duogc cit va
mai nhin ¢ hai dau cho thay [**] d6i véi bé tong co
cuong do nén khoang 75 MPa, hai cach xur ly bé mat
tiép xic cia miu nay cé su chénh léch vé két qua
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thir nghiém nén t6i da chi khoang 1,2 % tuy theo
chiéu day 16p capping va tudi ctia 16p capping tai thoi
diém tht nghiém.

Két qua ghi nhan vé quan h¢ giita mirc nhiét do
thtr nghi€ém vo6i cuong do nén cia bé tong dugc trinh
bay trén Hinh 6.
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Hinh 6. Quan hé gitta murc nhiét d¢ tac dong voi
cuong do chiu nén cia bé tong: a) Két qua cia
nghién ctru nay; b) theo Diederichs [*]

Cac s li¢u thtr nghiém cho théy, cuong nén cua
mau bé tong & muc nhiét do binh thuong (25 °C) dat
trung binh 61,9 MPa. Trong pham vi nhiét d0 duoi
200 °C cuong d6 nén trung binh cé xu hudng giam
manh. Dic biét & muc nhiét d6 100 °C, toc do giam
cuong do nén trung binh xay ra rd net, voi muc giam
trung binh khoang 25 % va thdm chi c6 mau giam dén
hon 50 % cuong do.

O muc nhiét do tir 100 °C dén 200 °C cudng do
nén trung binh van tiép tuc giam song muc do giam co
cham hon (chi khoang 2 %). Trong pham vi nhiét do
ttr 200 °C dén 300 °C bé tong c6 dau hiéu hodi phuc
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khoang 10 % cuong d6 nén, con trong pham vi nhiét
do6 tir 300 °C dén 400 °C thi cuong do nén trung binh
cac nhom mau gan nhu khong thay dbi. Muc giam vé
cuong d6 nén ¢ pham vi nhiét d6 nay dat khoang 18 %
so voi cuong do nén ¢ nhiét d§ binh thuong. O céc
murc nhiét d6 16n hon 400 °C thi cuong do nén ctia cac
mAu giam lién tuc véi xu huéng giam twong déi déu.

So sanh cac két qua cta nghién ciru nay véi cac
két qua nghién ctu truée do tai NIST [15] trén cac
mau bé tong c6 cuong dd chiu nén trung binh
75,4 MPa, cho thiy co su twong dong cao vé xu
hudng suy giam cudng do chiu nén khi chiu tac dong
ctia nhiét do cao. Tinh bién dong cua cac két qua thu
nghiém nén & moéi muc nhiét do cé khac biét 1én khi
nhiét d6 thap hon 300 °C, & mtrc nhiét do cao hon thi
xu huéng bién dong két qua ciing twong tu nhau, tirc
1a giam dan d6 léch giita cac két qua [17]. Tuy co doi
chut khac biét trong pham vi nhiét do tir 300 °C dén
700 °C song xu hudng giam cudng do ghi nhan trong
nghién ctru ndy ciing twong tu nhu két qua dwoc bao
céo trong nghién ctru ciia Diederichs [23]. Hé sé giam
cuong do chiu nén cua bé tong & cac mirc nhiét do
khac nhau x4c dinh qua két qua cua nghién ctru nay,
két qua nghién ctru ciia NIST [15] va quy dinh trong
EN 1992-1-2 [7] dugc thé hién dudi dang biéu do trén
Hinh 7.

1.200
——IBST
1.00
3 \_\“ —8—EN1092-1-2
500 L/ NIST
@
=
5600
g
2400
g
o
B200
=]
w
E"\O(} T —T ¥
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o O © 0 0 O O O 9 o o O
- -~ - w A= T | (-] = (=1 L) ~1
. . — -— -
Nhiet do (°C)

Hinh 7. So sanh két qua nghién ctru vé hé so
giam cuong do chiu nén cia bé tong &
cac muc nhiét do khac nhau

So sanh cac két qua cho thay:

- Trong pham vi nhiét d6 dudi 450 °C, cac két qua
thu dugc trong nghién ctru nay twong tu nhu két qua
néu trong tai li€u cua NIST. Cu thé, chénh léch vé gia
tri hé s6 giam cuong d6 chiu nén cua bé tong do NIST
dua ra & muc 100 °C thap hon so voi két qua cua
nghién cou nay khoang 6,5 %, con lai & nhiing mirc
nhiét d¢ khac chi khoang 2 % dén 3 %;

- So v6i cac két qua ciia nghién ctru nay va cia
NIST thi hé s6 giam cuong do chiu nén cuia bé tong
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cuong do quy dinh trong EN 1992-1-2 [7] trong pham
vi nhiét d6 dudi 300 °C 1a nho hon (thién vé kém an
toan hon). Trong pham vi nhiét do tir 400 °C dén 800 °C,
tai liéu [7] khong dua ra gid tri cu thé ¢ ting mirc
nhiét do. Néu gia thiét trong pham vi nhiét d¢ do, hé¢
sd giam cuong d6 quy dinh trong [7] quan hé tuyén
tinh v&i mirc tang nhiét do thi trong khoang nhiét do
tir 300 °C tré 1én, quy dinh vé giam cuong do chiu nén
trong tai li€u cua chau Au lai hoi thién vé an toan hon
so voi cac két qua cua nghién ciru ndy va cia NIST;

- Trong nghién ctru ciia NIST dbi véi cac mau
khoéng st dung silicafume va c6 cuong do chiu nén
khoang 60 MPa, khong c6 cac s6 lidu vé cuong do nén
¢ mic nhiét do tr 600 °C tré 1én do bi nd. Trong
nghién cru nay, mac du tdc do tang nhiét nhanh gap 4
lan, song khong ghi nhén hién tuong bi nb bé tong
trén cadc mau trong qua trinh tang ciing nhu giit nhiét.
Diéu nay c6 thé do nhiéu nguyén nhan khac nhau,
trong d6 can ké dén: (1) cac mau déu da duoc say dén
khéi lugng khong dbi trude khi tién hanh gia nhiét va
thir nghiém nén; va (2) nhiing tng xt khac nhau cta
thanh phan cét liéu san xuit bé tong.

4. KET LUAN

- Cac két qué nghién ctru thyc nghiém duoc trinh
bay trén day cho thay tinh thyc té cua kha ning nghién
ctru vé sy thay ddi cudng do chiu nén cua bé tong khi
chiu tdc dong cua nhiét do trong pham vi tir 100 °C
dén 800 °C & Viét Nam.

- Viéc so sanh cac két qua ctia nghién ciru nay voi
mot s6 két qua nghién ctru & nude ngoai di co trude do
cho thay céc két qua thuc nghiém & day 1a dang tin cay
va c6 thé sir dung duogc trong tinh toan kha ning chiu
ltra cua cac cAu kién ¢ sir dung loai bé tong tuwong tu
nhu da sir dung cho nghién ctru. Ngoai ra, c6 thé phat
trién dé nghién ctru trén cac loai bé tong khac.

- Anh hudng ciia nhiét 46 cao dén cuong do chiu
nén cua bé tong cuong do cao duoc phan anh qua hé
sd giam cudng d6 xac dinh cho m01 muc nhiét do
khac nhau. Hién nay, & Viét Nam, s6 liéu nay chua yéu
su dung theo tai liéu thiét ké cua chau Au [7], tuy
nhién két qua so sanh cho thiy gia trj cua hé sb glam
cuong d6 dua ra trong [7] co khac chit it so v6i két
qua cua nghién ctru nay. Su khac biét do la ro nét
trong pham vi nhiét d6 dén 300 °C, theo d6 céac gié tri
khuyén nghi trong [7] 1a thién vé kém an toan hon.
Ngoai ra, trong [7] ciing chwa c6 cac gia tri cia hé sb
giam cudng d6 trong pham vi nhiét do tir 450 °C dén
700 °C. Nhu vay néu sir dung cac gia tri cua hé sb
giam cuong dd nén cua bé tong cuong do cao xac dinh
duogc trong nghién ciru nay thay thé cho cac khuyén
nghi cta [7] c6 thé dap tmg dugce 2 yéu té:

+ Pam bao dugc tinh dac thu cta viéc st dung vat
lidu dia phuong ddi véi bé tong cudng do cao
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noi chung va bé tong cuong d cao sir dung cbt lidu
cat nghién noi ri€ng;

+ B6 sung dugc cac gia tri con trong trong dai
nhiét d6 tir 400 °C dén 800 °C.
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EXPERIMENT STUDY OF CONCRETE PUMPING EFFICIENCY
IMPROVEMENT USING ELECTRO-MAGNETIC FORCE DEVICE FOR
SUPER-TALL BUILDING
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ABSTRACTS: Concrete pumping is the main process for building construction to deliver the material. There is so many
research to study pumping process and achieved the researches to analyse the pumping process. Usually these researches
have focused on the analysing process. In this paper, through various concrete pumping tests, EMF method can affect to
improve the pumping efficiency and it gives a useful solution for concrete pumping.

KEYWORDS: Concrete pumping, Friction, Concrete Material Property, EMF pulsation.

1. RESEARCH BACKGROUND

Concrete pumping process is one of the important
procedures among the building construction process.
Also, this process has very much uncertainty caused
by material performance. Especially Segregation and
Blockage are the main parameters to delay building
construction process. There are so many studies for
analysis and calculation of pumping process. These
researches have improved the pumping procedure by
adjusting concrete proportion and chemical admixture.
However, research results have been depended on a
material property.

Kwon had tried to estimate the pumping pressure
before pumping using slip layer property like yield
stress and viscosity. The result of his study showed
the importance of slip layer property consideration.
Moreover, he suggested estimation equation for
pumping engineer to design the building process. Choi
and Kim had suggested the method to measure slip
layer velocity profile in the pipe and to adjust slip
layer condition using Electro-Magnetic Force.
However, the result of this research has limit just to
show the possibility of EMF device for the
improvement pumping procedure.

Usually, concrete pumping test is very difficult to
get the test repeatability by repeat test cause of
material conditions. So in this paper, the result
showed EMF device effect on pumping procedure by
the strictly concrete material property control. And it
shows test results for different concrete strengths.

2. TEST OF EMF
2.1. Test condition

2.1.1. Pumping Test Condition

For the pumping test, 300m 5” pipelines were
installed in the test field. The pump is BSA model
series of PUTZMEISTER company [Delivery
pressure: Max 250 Bar, Output flow rate: Max 60m”].
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Fig 1. Pumping Test Circuit Setting

The most important factor is the concrete property.
The concrete property was measured by Tribo-meter
and Rheometer before and after pumping.
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Fig 2. Concrete Property Measurement

2.1.2. EMF and Measurement System

For the applying Electro-Magnetic Force to
pipelines, Copper Coil is wind around the steel pipe
about 10m and EMF generator was installed for
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making electric pulsation. Fig. 3 shows an EMF
generator operation to find optimal frequency for
improving pumping efficiency (reducing friction).

: '"w_.;“; B}

Fig 3. EMF Generator and Inductor

EMF generator makes a 1,000Hz modulated
pulsation and 10-ampere magnitude. It will affect Fresh
concrete flow and improve the pumping efficiency.

Fig 4. Flow status monitoring system

Engineering plastic pipe was used for measuring
the flow status like the pressure and the flow rate.
Ultrasonic Velocity Profiler(UVP) gets the flow status
information in pipelines during pumping. It makes an
ultrasonic pulsation and UVP transfers this data to flow
status information using Doppler effect. This velocity
profile can give a Slip layer property information.
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2.2. Test
EMF and Measurement System
Table 1. Test Concrete Material

TEST CONCRETE MATERIAL
24MPa | 27MPa | 30MPa | 40MPa | 60MPa

Strength

Material
quantity

6 6 6 3 3

Design Slump | Slump | Slump

type Slump

Slump

Flow | Flow | Flow

5 types of concrete were used for pumping test
and 2 types were mixed as a Slump type concrete and
3 types concrete were Slump flow types. Test for
24MPa, 27MPa and 30MPa, each 6 Remicon trucks
used. 3 Remicon didn’t apply EMF pulsation and
3 Remicon applied EMF pulsation. And after test,
2 case data was compared. Fig. 5 shows pressure data
trend in 1 test using 6 trucks.
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Fig 5. Test using 6 Remicon trucks

Finishing the 3™ concrete remicon pumping, EMF
applied to pipelines and pumping test was progressed
continuously.
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Fig 6. Test using 3 Remicon trucks
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Fig.6 Shows a test result as using 3 Remicon
trucks for a test. 1% remicon was used for filling the
pipelines and 2™ Remicon was reference data without

EMF and 3™ remicon was used for EMF applying case.

3. TEST RESULT

3.1. Material Property

Checking the concrete flow status before and after
pumping, Rheometer and Tribo-meter got viscosity
and yield stress of Concrete and Slip layer. Each test
material samples was tried to test in measurement
machine, compared with pressure and flow rate.

Slip Layer Property
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Fig 7. Test Material Property

Fig 7. shows a material property [Concrete Yield
stress, Concrete Viscosity, Slip layer Yield stress, Slip
layer Viscosity] changing after pumping test. After
pumping, Concrete Viscosity usually shows the trend
to going down and Yield stress is going up. However,
slip layer property shows different behavior.

3.2. Friction Estimation

Compared EMF effect between before and after
applying EMF pulsation, the estimation equation
suggested by Kwon, it shows how much effect is
happened for a concrete flow.

Pressure - Flow rate curve shows a flowability of
material for pumping and gradient of curve is the
friction. Fig 8. shows the curves of estimation and real
test flow friction. This test result shows decreasing of
gradient (Friction) after EMF applying rather than
normal concrete pumping flow without EMF about
10~15% except 30MPa test case.
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4. CONCLUSION

In this paper, EMF Device makes a pulsation
which affects to the fresh concrete flow during
pumping. Each strength concrete flow property is
changed after applying EMF pulsation and it’
direction is a direction of decreasing friction. Just
30MPa strength concrete shows a different behavior,
it may be caused by uncertainty of material property.
As a result, EMF pulsation will affect to change a
concrete material property during pumping and it will
give a benefit to construction process like reducing
building time. Even this test was achieved under
strictly material control to maintain stable material
conditions, it needs to try more test to get the
repeatability and more various conditions. However
EMF pulsation clearly shows effect to improve
pumping efficiency.
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ABSTRACTS: The existence of moisture gradient in concrete structure can greatly increase tensile stresses near the drying
surface and potentially accelerate crack formation. Therefore, experiments of internal relative humidity with the embedded
sensors were performed to charaterize the state of internal moisture in concrete. Also, drying shrinkage caused by the
diffusion of water was measured, subtracted total shrinkage strain with autogenous shrinkage. Both relative humidity and
shrinkage experiments were executed under two constant temperature (10°C and 20 °C). Based on experimental results, the
relations of drying shrinkage with moisture loss and the change of humidity were shown, parameters of some previous
numerical analysis model could be proposed to simulate moisture diffusion in concrete.

KEYWORDS: relative humidity, autogenous shrinkage,drying shrinkage, moisture diffusion.

1. INTRODUCTION

A very wide range of pore sizes presenting in cement
paste makes water movement very complex within
concrete. Therefore, many researchers have attempted to
find out an accurate and general theoretical model for
moisture distribution in cementitious materials since
many decades up to now. This trend of research should
be more focused and improved to be well contributed in
predicting other different phenomena of concrete such as
drying shrinkage, creep, corrosion and mechanical
properties such as compressive strength, shear strength,
modulus of elasticity, etc.

There are many methods to measure the moisture
content in concrete, for example, weight loss
measurements, electrical resistance methods, x-ray
microadsorption, internal relative humidity, etc.
Internal relative humidity measurements have become
increasingly popular that helpful to characterize the
state of internal moisture in concrete. In this study,
internal relative humidity sensors that could be
embedded in concrete were used. The method of
preparing, packaging, installing sensors and collecting
data were investigated.

Many research on moisture diffusion were based
on model of Bazant and Najjar,1972 [1]; Mihashi’s
model, 1989 [2]; Sakata and Kuramoto,1983 [3],
etc... in which the parameters for nonlinear equations
can be obtained from experimental results. The
concrete  structure exposed to the ambient
environment at an early age will cause moisture
migration inside. In consequence, the relative
humidity (RH) in concrete varies with time and
location. In this study, RH were measured at three
different depths inside concrete specimen.
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Drying shrinkage may be severe enough to cause
significant microcracking and macrocracking [4].
Drying shrinkage and moisture diffusion are strongly
related, in which drying shrinkage can be estimated
based on analyzing moisture diffusion. Drying
shrinkage can be obtained from the total shrinkage
after drying and autogenous shrinkage as shown in
Fig.1[5]. Autogenous shrinkage, which occurs due to
various chemical reactions within the cement paste is
a special case of drying shrinkage in moisture-sealed
condition. According to ACI 116R, free autogenous
shrinkage is defined as the change in volume
produced by the continual hydration of cement,
exclusive of the effects of applied load and change in
either the thermal state or moisture content. In this
study, The test method proposed by Muhammad
Nasir Admin and co-workers [6] was used, based on
JCI method (1998), with some improvements in
controlling isothermal temperature and eleminate
the risk of friction between the gage plugs and
mould walls.

b Shrinkage

Total shrinkage

_ Drying shrinkage after drying

Concrete age

+ Autogenous shrinkage

T
Start of drying

fa)
& Shrinkage

Total shrinkage

Drying shrinkage
) 2 after drying

Autogenous shrinkage
after drying

-

P * !

Start of drying Autogenous shrinkage

; Conerete age
1))

Fig. 1. Shrinkage strain component in normal
and high strength concrete [5]



Hoi nghi khoa hoc quéc té Ky niém 55 nam ngay thanh lgp Vién KHCN Xay dung

The objective of this study is to perform the
time-varying distribution of relative humidity in
concrete specimen, the time-dependent strain of
drying shrinkage, and the moisture loss of spicemen
with time. Based on experimental results, the
ralations of those factors were investigated.
Parameters for moisture diffusion formulas could
be proposed.

2. EXPERIMENTAL PROGRAM

2.1. Materials and mixture proportions of concrete

Details of concrete mix proportions used in the
experiments of moisture distribution, autogenous
shrinkage as well as drying shrinkage are given in
Table 1. The cement used in experiments is ordinary
Portland cement (ASTM Type I). River sand was used
as fine aggregate. Crushed gravel was also used as the
coarse aggregate passing the 19mm sieve. The water
to cement ratio of 0.4 is expected to have a small
autogenous shrinkage and good workability using
super plasticizer, which meets the ASTM C 494
requirements for Type F admixture.

Table 1. Mixture proportions of concrete

Concrete mix proportions
w/c | s/a C g G Ad
W (1 (%)
O ke | o | o
0.4 1039 170 425 671 1064 | 0.6

* Superplasticizer (ASTM Type-F high range water-
reducing admixture), % of total cementitious materials.

2.2. Specimen Type and test method

Two series of specimens were made aiming to two
isothermal conditions in chambers, 10+ 1°C and
20+ 1°C, at humidity of 60%2%. Each series has
three identical specimens of (100> 100%400) mm to
measure internal relative humidity of concrete. Each
specimen was embedded three humidity sensors at
different depths: 10 mm, 30 mm and 50 mm from the
exposed surface. The room temperature when mixing
concrete was 25+ 1°C. Right after mixing, the
specimens were put into chambers.

Additionally, in each series, four identical specimens
with same dimensions of (100 x 100 x 400) mm were
cast in shrinkage moulds, two for measuring
autogenous shrinkage and the other two for total
shrinkage. Also, the specimens were weighed after
mixing to obtain the weight of fresh concrete. Those
weighing processes were repeated regularly after
demoulding to record the moisture loss of concrete
due to drying.
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Specimens for testing the compressive strengths
of concrete were prepared with cylinder size
(6100mm x 200 mm).

2.3. Measurement of Autogenous and Drying
Shrinkage

Right after mixing, concrete was cast into molds
and the top surface of specimens was perfectly sealed
by layers of polyester film followed by adhesive
aluminum tape.

A thin polytetrafluoroethylene sheet with a very
low friction coefficient was placed between the mold
and the specimen to eliminate the effect of restraint
between them. Additionally, a polyester film was also
placed in the mold to prevent the concrete specimen
from sticking to the polytetrafluoroethylene sheet.

Embedded strain gages were used for measuring
total deformations and linear variable displacement
transducer (LVDT)s were used for autogenous
deformation.

An embedment strain gage was positioned at the
center of the specimen, which is oriented along the
longitudinal axis of the specimen to measure linear
deformation. This gage is a self-temperature
compensated gage specially manufactured for
measuring strain in concrete. The very low modulus
and special waterproof construction are suited for
internal strain measurement during the very early
stages of curing. Moreover, such gages are impervious
to moisture absorption and, thus, can produce stability
for long-term strain measurement.

A thermocouple was also positioned at the center
of the specimen along with embedment strain gage to
monitor temperature history which is required to
control the isothermal condition.

The set up of mold for autogenous deformation
measurements using LVDT is shown in Fig. 2 [6].
Before placing of concrete, gage plugs were firmly
fixed in positions with the help of temporary bolts and
nuts assembly called gage plug holders, at both ends
of the mould through holes in the side walls. At the
time of the initial setting, gage plug holder was
removed and a LVDT was connected to each gage
plug (Fig. 3) to record any deformation after initial
setting. The important benefit of using the gage plug
holder is to prevent the movement of the gage plug
that may occur otherwise while compacting or due to
weight of freshly placed concrete during settling. This
is required in maintaining the perfect horizontal
alignment of the embedded gage plug. Another benefit
is that it helps prevent friction between the gage plug
and the mold wall which otherwise would have
occurred due to horizontal inclination of gage plug
and thus touching of gage plug with the surface of
mold wall.
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Spacers

Teflon sheet
Floor of environmental chamber (steel wire mesh)

Fig. 2. Schematic diagram for measuring
shrinkage of concrete [6]

Specimens for measuring total deformation due to
drying were demoulded at one day after casting. After
demoulding, two cross sections of 100 x 100 mm at
two opposite end sides were sealed with grease, then,
they were perfectly sealed by layers of polyester film
followed by adhesive aluminum tape. Therefore, four
surrounding faces of each specimen, with dimension
100mm x 400 mm, were exposed to ambient
environment of chambers.

All the data (linear strain by the embedded strain
gage, horizontal deformations by LVDTs, and
temperature by  thermocouple) was logged

automatically by a data logger at 10 minute intervals.

Gauge plug holder (GPH)
(tobe removed at setting)

Gauge plug (GP)

(Dia=5mm [0.2in.], total length=60mm [2.36in.],
length embedded in concrete=30mm [1.18in.])

Teflon end plate
(to carry GPH)

20x20x2mm(0.79x0.79 x 0.08 in.)

Fig. 3. Shrinkage mold before placing and the set
up of holding the gage plug in freshly placed
concrete to prevent the horizontal inclination of gauge
plug and the friction between the gauge plug
and the mold walls
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2.4. Measurement of Relative Humidity in concrete
specimen at different depths

The small size of the Sensirion [7] sensor that can
be embedded in concrete were used for measurement
of internal humidity, also can obtain the internal
temperature of concrete. The accuracy of relative
humidity and temperatures measurements are *2%
and T 0.5°C, respectively.

The sensor packaging is one of the key factors to
achieve reliable and accurate results. As shown in Fig.
4, it can be observed that small size of the sensor
allows it to be easily enclosed in a small circle tube. A
Gore-Tex fabric is fixed at the top of this tube so that
it helps to prevent water from entering the tube while
allows vapor to pass, thus allowing the RH and
temperature in the cavity of the tube to equilibrate
with the surrounding concrete. Epoxy glue seal and
rubber plug have advantages in preventing liquid
moisture from entering the wires’ ends and the inside
tube. The size of sensor is relatively small with
average length of only 50 mm.

|

Small tube /

Gore-Tex
fabric

Outer Tube

Fig. 4. Humidity/Temperature Sensor

The system for collecting data using this type of
humidity sensor has been developed at UIUC and
illustrated in many published papers of Z.C. Grasley
and coworkers [8-10]. Fig. 5 shows that system in
which packaged sensors are connected with
multiplexer (Fig.6). Data is transmitted digitally from
the sensors to multiplexer, and then collected by
personal computer through a serial connection using
Lab View Program.

RH sensors after packaging were located at the
center line paralleled with the longitudinal side of
each specimen in three depths of 10mm, 30 mm,
50 mm from the exposed surface, as shown in Fig.7
Serial Connection
l,' T

Fig. 5. System for collecting RH data
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400 100

Fig. 7. Sensor positions in specimen

3. RESULTS AND DISCUSSIONS

3.1. Moisture distribution in concrete at different
temperatures

Fig. 8a and Fig. 8b  show the moisture
distributions of drying specimens that are exposed to
the ambient air after 1.5 day at temperatures of
10+ 1°C and 20+ 1°C.

Within concrete, larger pores empty first, as
progressively, smaller pores empty, the menisci
curvature in the remaining pores becomes
pronounced, as a result, RH is reduced.

As can be seen in Fig. 8a and 8b, the internal
relative humidity differs significantly according to the
depth from the exposed surface.

Relative humidity (%)

40

—
o 10 20 30 40 50 60

Time (Days)

Fig. 8a. Moisture distribution in concrete at 10°C
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Fig. 8b. Moisture distribution in concrete at 20°C

The nonlinear moisture equation for analysis was
based on Fick’s law:

Oh

> = div(Dgrad h) (Equation 1)

where /& represents the internal humidity in the
concrete at the time ¢ and D is the moisture diffusion
coefficient that is a function of pore relative humidity /.

The moisture diffusion coefficient applied in the
analysis is based on Mihashi’s Model [2]

D(h,T)= D, f,(h) f,(T)
D is the time dependent value as in CEB-FIB’s
Model
Dl 0
D)=———"—
(Jpcu (t) / f‘cko)

(Equation 2)

(Equation 3)
-1

Z ] (Equation 4)

c

fih=a+(1-a) 17{1

LHL(T) = [%j exp %(TLO—%) (Equation 5)

The parameters of function f (#) are similar to

those in CEB-FIB(90)’s Model where o =0.05,
h,=0.8 and n=15.

The function f,(T") takes into account the effect
of temperature of curing condition where T is the
absolute temperature, 7 is the reference temperature,
U is the activation energy of low temperature
moisture diffusion and R is the gas constant. », is the

material parameter depending in concrete mixture and
curing condition. The proposed values of parameters

in f,(T) are similar with those of Mihashi’s Model
that T, =293, n =3, %:4000, D,=60x10°,
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n,= 4 1is a exponent proposed by empirical
results, f,, =10 MPa.

strength of concrete changed with time in ACI
standard as following equation.

f.,(t)is the compressive

ot
Ja(8) == d(28) ]

where ¢ is the age of concrete (days), a,b are
material constants, f, (¢) is the compressive strength

of concrete at time ¢ and d(28)=f, (91)/ 1, (28).

For normal concrete with Type I cement, a =4.5,

b=0.95 and d(28)=1.11.

Finite element code CONSA/HS (CONcrete Stress
Analyzer/ Hydration and Shrinkage), which was built
in Concrete Lab of Civil Engineering Department of
KAIST (Korea Advanced Institute of Science &
Technology), was used to analyize the nonlinear
moisture diffusion equation shown in Equation 1. The
analytical results by using nonlinear moisture
diffusion equation are in good agreements with
experimental results.

(Equation 6)

3.2. Moisture loss of concrete exposed to different
temperatures at early age

Fig. 9 shows the moisture loss of concrete
increases with time. In both 10 and 20°C conditions,
water in concrete tends to lose steeply at the
beginning time of drying and that trend becomes
flatter at later. This is due to the fact that evaporable
free water content in capillary pore decrease with time
due to drying process and the rate of moisture
diffusion at later is slower due to denser
microstructure of concrete at later ages.

3.0

Moisture loss (%)

Time (Days)

Fig. 9. Moisture loss of concrete exposed
to different ambient temperatures
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In Fig. 9, the moisture loss of 10°C-specimen is
larger that can cause higher porosity in those concrete.
That result is aligned with the lower strength of
concrete when exposed to 10°C, as can be seen in
Fig.10.

50

Compressive strength (MPa)

0 5 10 15 20 25 20
Time (Days)

Fig. 10. Compressive strengths of concrete
at different temperatures

Fig. 11 shows the moisture distributions of drying
specimens that are exposed to the ambient air after 1.5
days at temperatures of 10+ 1°C and 20+ 1°C. At the
same depth, the relative humidity in specimen of
series 1 (10£1°C) is lower than that of series 2
(20+ 1°C). Also, RHs in specimens of series 1 at the
same depths decrease faster with time at the first
60 days.

In specimens of series 1, the water removed from
the pores faster, which cause larger moisture loss as
can be seen in Fig.9. Therefore, the RH in those
concrete specimens was reduced quicker.

D S R S S ——

Relative humidity (%)

cON NN NS W

U S — SRR SRR SSSOSS S—

50 mm depth
40 I T

S Ay I S e —
00 20 30 40 50 60

Time (Days)

Fig. 11. Internal relative humidity of concrete
specimens at the same depths
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3.3. Shrinkage of concrete at different temperatures

0 | : |
~100 4P
-200 4

-300 4

Deformation (x10™)

o0 4]

-500 4

Fig.12. Shrinkage of concrete at different
ambient temperatures

Fig. 12 shows the autogenous shinkage and drying
shrinkage at 10%1°C and 20+ 1°C . The value of
autogenous shrinkage was small (52 or 60 microstrain
for concrete sealed under 10°C or 20°C at later 28
days, respectively). After 2 days, autogenous
shrinkage reached the stable status and just increased
very little. Therefore, the autogenous shrinkage strain

due to self-desiccation from time £, of 1.5 days when
drying begins, &, (t,t,), is nearly zero. Under sealed

condition where no moisture transfers to the exterior
surrounding environment, autogenous shrinkages of
concrete under those temperatures are little different.
Therefore, in this study, the moisture diffusions due to
self-desiccation at temperatures of 10°C and 20°C with
w/c ratio of 0.4 are almost same. Also, the autogenous
values due to self-desiccation from time of drying are
relatively small therefore can be neglected.

Drying shrinkages are higher in case of specimens
that were exposed to ambient condition of 10°C than
that of the same humidity but 20°C in temperature.
This is due to the fact that drying shrinkage is caused
by the movement and the loss of water squeezing out
from the capillary pores resulting in the development
of tensile stresses, since the internal humidity attempts
to make wuniform with a lower environmental
humidity. As stated before, compared with specimen
placed in chamber of 20°C, the internal humidity and
strength of 10 degree specimen are lower, more pores
in microstructure as well as the moisture loss is
higher. For the relative humidity decrease faster,
adsorbed water is more quickly removed, causing the
water layer to become thinner, therefore results in
larger shrinkage deformation. Additionally, concrete
with more pores in microstructure also shrinks more
than denser one when they are exposed to similar
environmental humidity.
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3.4. Relationship between drying shrinkage and the
change of internal relative humidity

100 &

o0 %

-300

Drying shrinkage strain (x10'5)

-400

-500 T : T : T T T
0 o 10 15 20
Change of relative humidity (%]

Fig. 13. Relationship between drying shrinkage
and humidity change

The drying shrinkage of concrete is plotted against
the change of internal relative humidity at 50 mm
depth due to drying as shown in Fig. 13. It can be seen
that increase the humidity change leads to increase the
drying shrinkage in concrete. This relationship is
nonlinear and the results at two different temperatures
of 10°C and 20°C are almost similar even the humidity
in 10 degree specimen changes faster than that of 20
degree. Therefore, the humidity state in concrete is so
important that in this study, drying shrinkage almost
depends on it. The humidity changes due to self -
desiccation at two temperatures seem to be not much
different in agreement with nearly same value of
autogenous shrinkage. Consequently, humidity
changes in concrete due to moisture diffusion are
mainly effect drying shrinkage strain.

4. CONCLUSIONS

In this research, the internal relative humidity of
concrete was measured at early age by embedding
sensors. The effect of moisture diffusion on drying
shrinkage was investigated. Also, evaluations of
concrete’s compressive strength as well as moisture
loss in specimen due to drying at different isothermal
temperatures were carried out. The experiments for
shrinkage were performed at early ages with embeded
strain gage and LVDT.

From the experimental results, it can be seen that
the embedded sensor has advantages in continuously
collecting data and gives reliable results so that it can
be used further for investigating moisture diffusion
problem. The analytical modelling using finite
element program are in good agreements with
experimental results.

In this study, even at different temperatures, 10°C
or 20°C, with the same change of RH in concrete,
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drying shrinkage strains are similar. Drying shrinkage
of the normal concrete in this experimental program is
mostly influenced by moisture diffusion.

Compared with the 20°C—specimens, the 10°C-
specimens have lower compressive strength, faster
rate of moisture loss and moisture diffusion, as
consequences, larger drying shrinkage strain occurs.
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