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Hiéu qua néi bao dudng vira xi mang cudng do cao

Effect of internal curing of high-strength cement mortar

Tom tat

Vita xi mang cudng d6 cao thuong diing trong cong tac sifa
chiia, bom tram, chén khe, lién két ... véi lugng dung chat két
dinh kha cao, ty 1& nuéc thap, dé bi niit do co ngét Ién trong
qua trinh dong két va ran chac, ngay ca khi viéc bao duéng

am bé mat dugc tuan thi. D& gidm thiéu hién tueng nay, giai
phap bao dudng tir bén trong hay con goi la ndi bao dudng
(IC) dugc dé xuat bang cach st dung vat liéu du trit nugc bén
trong. Vat liéu st dung tron vao vao vita cuéng d cao trong
nghién ciiu la cat nhe (LS), dat yéu cau theo ASTM (1761-17,

6 trang thai bao hoa nudc (17,5 %); hat polyme siéu hap thu
(SAP) da bao hoa nudc (157 lan khéi lugng khd). Bang phuong
phap nghién ciiu ly thuyét (qua trinh hydrat cda cht két dinh;
tinh toan thé tich nudcbu trir co tu sinh va ddm bao trang thai
bao hoa trong hé 16 rong ctia da chat két dinh...) két hgp thuc
nghiém (d6 hit va nha nuédc; d co tu sinh, cuéng d6 clia viia)
da cho thay, véi cac thong sé ky thuat hgp Iy, ICkhdng nhiing
lam gidm dang ké co tu sinh (AS) (dén 58%), cudng d6 28 ngay
tudi tang (5 - 11%, tuy cuéng d6 tudi 7 ngay giam nhe so véi
mau ddi chimg. Hiéu qua IC ctia LS tdt hon SAP vé giam co tu
sinh. Tir két qua nghién citu nay c6 thé sit dung giai phap IC véi
LS dé giam co do d6 giam niit & tudi sém va cai thién cuéng do
tudi mudn cho vita cuéng d6 cao.

Tir khéa: Noi bao dudng , Cdt nhe, Polyme siéu hit nudc, Co tu sinh,
(uding do chiu nén

Abstract

High-strength cement mortar is often used in repair, plastering, and
sealing joints... with high binder content, low water/binder ratio, and
easy to crack due to large shrinkage during setting and hardening,
even when surface moisture is observed to cure. To minimize this
phenomenon, an Internal Curing solution (IC) is introduced by adding
lightweight sand (LS) or super absorbent polymer (SAP) saturated
water before mixing. Theoretical and experimental studies show

that, with properly calculated specifications, IC not only significantly
reduces Autogenous Shrinkage (AS), and thus can reduce cracking, but
also has the effect of increasing mortar strength at the age of 28 days.
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1. Gi&i thiéu

Co ndi sinh hay co tw sinh - Autogenous Shrinkage (AS), md
ta sy thay ddi thé tich bén ngoai clia bé téng hay vira xi mang (goi
chung la bé tdbng) ma nguyén nhan la co do cac phan rng hydrat
clia xi mang ciing nhw cac qua trinh héa ly xay ra trong nén chét
két dinh ["*. Co’ ché AS do tw khd dwoc mo ta trén Hinh 1. 1

Qua trinh hydrat xi mang gay co thé tich, goi la co héa hoc. Bén
canh dé su hydrat ciing lam mét dan nuéc trong hé théng mao
quan va hinh thanh cac 16 réng nhé trong cAu trdc da xi mang, theo
thoi gian lweng nwéc trong hé théng 16 rdng mao quan giadm (hién
twong tw 1am khd) va tao &p lwc am trong hé théng 16 réng mao
quan, d&n dén cac phan ttr vat chat rén dich lai gan nhau gay nén
hién twgng co ngét. Co hda hoc (CS) va hién twong tw khd cla
da xi mang hinh thanh co ty sinh (AS) trong bé tdng. Co ndi sinh
trong bé tong phu thudéc vao mirc d6 thiy hda clia xi mang, ty 1é
N/X cang nhd thi mirc dd co ndi sinh cang Ién. Day chinh 14 bién
dang co mé&m chil yéu clia hé bé téng cé ty 1& Nwéc/Chét két dinh
thap chta lwong xi méng I6&n.

T co sé ly thuyét nay, giai phap dwa mot lwong nwéc dw triv
vao trong bé tdng nham duy tri sy bdo hoa dm trong hé théng 16
rdng mao quan, bl thé tich co tw sinh da dwoc dé xuét 4. Noi bao
dwéng dwoc dinh nghia bdi Vién Bé tong My (ACI) ¥, d6 1a “viéc
cung c&p nwédc xuyén subt cho hdén hop CKD vira méi déng ran,
nhd vat liéu bao hda nuwéc phan bd déu trong bé tong va sén sang
nha nwéc khi can cho sy thiy hoa hodc dé bu dap do dm da mét
trong qua trinh bay hoi nwéc hay do sw tw khd”. Nhw vay, ban chét
cla ndi bao dwdng la dwa vao bé tong mot lwgng nuwédc dy triv
théng qua cac vat liéu ndi bao dwéng cé kha nang ngam nuwoc &
mirc d& phu hop (cbt lieu rdng, polyme siéu hat nwéc, soi gb...),
lwgng nwéc nay khong tinh vao nwéc tron bé tong. Hiéu qua cla
IC phu thudc cac yéu t6: lwong nwédc ndi bao duéng (Nic) va sw
phan bd ctia Nic trong BT: mirc dd chuyén dich va khoang cach
thdm nhap ctia Nic vao nén da xi méng; thanh phan cta BT va
nhiét d6 ctia hén hop 234,

Nguyén tic co ban cla IC la gitr cho d& &m twong déi trong
cac 16 réng clia da chét két dinh luén & trang thai bdo hoa; T
quan diém thé tich nwéc dw triv bdi vat liéu ndi bdo duéng sé bu
lai co hoa hoc clia chat két dinh, ta c6 thé xac dinh lwong vat liéu
noi bao dwdng (Mic) theo cong thirc (1) va (2) B!

Mic = Vn/(S.Pic) (1)
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Hinh 1. M6 ta mot nguyén nhan gay ra co tu sinh trong da
xi mang

90 TAP CH KHOA HOC KIEN TRUC - XAY DUNG



Vn = CKD.CS.a/p, (2)

Trong do:

Vn: thé tich nwéc bl co hoa hoc clia xi mang hay chét
két dinh, m?;

Mic: khéi lwong vat liéu ndi bao duéng, kg;

S: ty 1& tra lai nwdc tir vat liéu ndi bado duwéng cho nén
chét két dinh;

Pic: d6 hat nwéce cua vat liéu néi bao dwdng;

CKD: lvong chét két dinh trong 1m? bé tong, kg;

on 1a khéi lwong riéng clia nwéc (=1000 kg/md);

CS: co hoa hoc clia chat két dinh (CS = 0,06+0,07kg
nwéc/1kg CKD);

a: hé sb hydrat I&6n nhét clia chét két dinh, xac dinh theo
ty 1& nwdc — chat két dinh (W/CKD) nhu sau:

a = (W/CKD)/0,36 khi W/CKD < 0,36

a = 1 khi W/CKD > 0,36

2. Vat liéu str dung va thanh phan vira thwc nghiém
2.1. Xi médng va phu gia khoang hoat tinh

Xi mang s dung trong nghién ctru nay la loai xi mang
podc lang (PC40) sén xuét tai nha may xi méng Nghi Son véi
céc tinh chéat nhw trong bang 1.

STT Chi tigu Phuong phap | o ), | Gid
thi nghiém tri
" TCVN s

1 | Khoi lweng riéng 4030:2003 g/cm 3.1

5 |P2min TCVN % 0
(s6t sang 0,09 mm) [ 4030:2003 °

3 Lwong nwdc tidu TCVN 9 28
chuén 6017:2015 0
Thoi gian déng két:

4 |-Batdau 60:%'8‘1 5 Phat | 120
- Két thuc ' 210
Cuwdng d6 nén:

5 |-3ngay 60:2,\;’3 o | mPa | 323
- 28 ngay ’ 49,7

Xi mang s dung dat yéu cau ky thuat theo TCVN
2682:2009.

Dé giam bét lwong dung xi mang va cai thién tinh chét
clia vira, dé tai str dung phu gia khoang Silicafume (SF) dang
hat roi cta Sika véi tén thwong mai la Sikacrete PP1, dat yéu
cau theo TCVN 8827:2011, tinh chét trinh bay trong bang 2.
2.2. Cét ligu

Cét ligu st dung trong d& tai 13 cat tw nhién (cat vang),
mé dun dd 1on 2,9, thanh phan hat dat tiéu chuan TCVN
7570, tinh chéat co ly nhw trong bang 3.

2.3. V4t ligu néi bao dudng

Polyme siéu hut nwéc (SAP) dung trong nghién ctru dang
bét mau trang (100% lot sang 1,25 mm), khéi lwong riéng
1,13 — 1,15 g/lem®, mach chinh Ia polyacrylate, d& hut nwéc
b&o hoa (ngdm 24h) la 15700 %. SAP hit nwédc rat nhanh
va manh, tré& thanh hat dang hydrogel chi trong vong khoéng
30 phat ngdm nwéc. V&i phan t&r lwong Ién nén SAP khong
hoa tan trong nuwéc, khi sy kho tré vé dang gel kho sau do
lai c6 thé thdm hat va trwong né. Khi ngam trong dung dich
kiém hay dung dich nwéc xi méng cac hat hydrogel SAP bj

S o i .| Gia |Phwong phap
T Chitieu Bon Vit i | thi nghiem
£ " TCVN
3
1 |[Khéi lweng riéng glem’| 2,4 4030:2003
Do min (s6t sang 45um)
. x TCVN
- : 9 2,5
2 [-Lon nhat: R 1 22| 8g27:2011
- Trung binh 1,0
" X C e R TCVN
0,
3 [Chisb hoat, & 7 ngay tudi| % 105 8827:2011
A 5 TCVN
4 [Bé matriéng m/g | 15 8827-2011
. . TCVN
o,
5 |Ham lwgng SiO, % 94 7131:2002
.z TCVN
0,
6 [Poam o1 12 | 7572:2006
. £ s TCVN
o,
Ham Iwgng mat khi nung %o 3,0 141-2008
T Chi tiéu Bon | Gia PP thi
Vi tri nghiém
5. . TCVN
3
1 | Khdi lwong riéng g/lcm® | 2,65 7572-4:2006
Khéi lwong thé tich 5 TCVN
2 kho glem™ | 246 | 7575 4:2006
Khéi lwgng thé tich 3 TCVN
3 | bao hoa bé mat glem™ | 2,53 | 7575 4:2006
Khéi lwong thé tich 3 TCVN
4 | xép glom® | 1,59 | 757 6:2006
. . TCVN
o,
5 | B6 hut nwéc % 2,93 7572-4:2006
Ham Iwgng bui, bun, o TCVN
6 | set % | 15 | 7572-8:2006
R . TCVN
7 | M6 dun dé Ién, My, - 2,9 7572-2:2006
o Kich thwéc c& sang, mm
Chi tiéu
95| 4,75 12,36 1,18 ] 0,3 |0,15
Khoiluong sétsang | | 57 5 |452,0|234.2141,9|94,1
mi (g)
Ty 1€ lot sang, % 100] 94,2 |149,0(25,6 | 11,5 |10,1
Thanh phan hat
yéu cau theo ASTM [100(65-100| - |15-80| 0-35 |0-25
C1761-17

méat mot phan nwéc hap thu, ton tai bén virng, khong thay déi
kich thwéc va trang thai.

Vé&i muc dich so sanh, ngoai SAP, con si* dung cat nhe
keramzit (LS) Ia san phdm théng dung dwoc nung phdng né
tlr sét, cé kha nang hut va gitr nuwéc. Tinh chat co ban cla
LS nhw trong Bang 4 va Bang 5.

Theo ASTM C1761-17 [7], LS dat yéu cAu lam vat liéu noi
bao dwéng bé tong; V&i SAP chwa co tiéu chudn riéng, tuy
nhién cac dic tinh cGia né cé thé phi hep véi chire nang clia
vat liéu néi bado dwdng viva va bé téng xi mang.
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e
1540
- PP thi | Al | Yeu clu theo 17.0 -
TT Chi tiéu nghiém Pon vi| Gia tri ASTM C1761 Y540
1443
. ia TCVN 3 3 '
1 |Khoi lwong riéng 6221 g/lcm’| 1,88 - E IJ. .
Khéi lwong thé | TCYN s = -
2 ltich hat 6221 | 9/cm [ 1,52 - 5.0
4 <1120 A o
3 Khm Iy’qng thé [ TCVN kg/m® | 930 O
tich xop 7572 z :
i 13 mt | N 1= 'E ¥
D6 hat nwéce Tlsim i riggdina, b
5 |(bdo hoa khé bé ASTM % 17,5 >5
N C1716
mat)
Ham lwong bui, | ASTM o
6 bun, sét C1716 % 1.9 ) ]
Két qua nghién ctru cho thay vat liéu LS hut nwéc manh
. .1 TCVN N A s A L iz
7 M6 dun dd I6n 7572 - 2,7 - trong khoang 5 - 6 gi®& dau, sau 12 gi¢ thi cham lai va dén

2.4. Phu gia siéu déo (PGSD)

Sika ViscoCrete 3000-20M 1& phu gia siéu déo gbc
Polycarboxylate, loai G theo tiéu chudn TCVN 8826:2011,
véi ddc tinh sau: chat 16ng mau nau dam; Khéi lwong thé
tich: 1,09- 1,11kg/l; Lidu lwong st dung: 0,7 - 2,5 lit/100kg xi
mang; B6 pH: 4,5 - 6,5.

2.5. Nudérc

Nwéc may sinh hoat dwoc stv dung dé tron viva va bao

hoa vat liéu IC.

3. Két qua thwc nghiém va luan ban
3.1. Khédo sat sw hut va nha nwéc cia vét liéu ndi bao
duwbéng

D6 hat va nha nwédc 1a mét tinh chat quan trong dé tinh
toan lwong nwéc cung cAp cho viéc ndi bao dwéng bé téng,
la co s& dé tinh toan lwong dung vat liéu ndi bao dwéng cho
bé téng; xac dinh trén co' sé tiéu chudn ASTM C1498-17 [6].
Dé danh gia hiéu qua cla vat liéu ndi bao dwéng thong qua
ty 1& gitba d6 nha nwéc (D) véi dd hut nwéc (A), ASTM C1761
quy dinh vat liéu IC can c6 D = 0.85A. 7

D& xac dinh d6 hut nwéc cla mau vat liéu ndi bao duwéng
(cat nhe), mau cat nhe (LS) dwoc siy khd dén khéi lwong
khong ddi, sau d6 dwoc ngdm nwédc & nhiét do phong (ngap
20mm) va x&c dinh d6 hat nudc & diéu kién khd bé mat sau
cac thodi gian ngam khac nhau. Két qué do duogc thé hién
trén Hinh 2.

1030
3.0
0.0
L.LF
E0.0
50.0
41,0
3.0
20.0
10,0

4 X4

Tw 1 o ams con 1o, %6

0.0

L0 1.0

3.0 4.0 5.0

Thin g o pemn, ngiy

khoang 48 gid thi gadn nhw bao hoa trong diéu kién thi
nghiém. Diém bao hda nwéc & trang thai wét bé mat (46 dm
téng) cula cat nhe xac dinh sau 48h ngam mau, MT = 34,3%;
dd hut nuwéc bdo hoa khd bé mat, MSD = 17,5%, nhw vay d6
4m bé mat: Ms = MT — MSD = 16,8%.

Déi v&i SAP, tbc d6 hut nwéc va gia tri hut nuwéc bao
hoa I&n hon nhiéu so véi LS, mau hit nuwéc rat nhanh trong
nhi*tng gi&> dau va cac hat SAP trwong né va ton tai nhw
thé gel, sau 6-8h da gan nhw bdo hoa nwéc; do hut nwéc
sau 24h ngam dat trung binh 157 I&n so vé&i khéi lwgng kho
(15700%).

MAu vat liéu IC la LS va SAP sau khi da bdo hoa nwéc
(khd bé& mat) dwoc cho vao cbc gbm va dét trong ta khi hau
(nhiét d6 27 + 2°C, d6 &m twong d6i 94 + 2%) dé khao sat
kha nang thoat &m bang phuong phap can mau sau thoi
gian lwu tadng dan. Thi nghiém két thuc khi sau hai 14n can
lién tiép ma khéi lwong mau thay déi khéng qua 0,1%. Két
qua thi nghiém dworc thé hién trén Hinh 3.

Két qua thwc nghiém cho thdy, ca hai mau LS va SAP
nha &m nhanh trong vong 3 ngay dau, sau khodng 6 - 7 ngay
thi gdn nhw nha hét nwéc da thdm hat; ty 1& do6 dm con lai
cla LS va SAP so v&i do Am ban dau 1an lwot 1a 2,4% va
8,1%, hay ty 1& nhd &m twong (rng 13 98% va 92% dat yéu
cAu lam vat lieu IC theo ASTM C1761. [16]

3.2. Tinh toan Iwa chon thanh phén vira nghién ctru

Thanh phan vira ban dau (d6i chirng) dwoc xac dinh t
céc sb liéu: CL/CKD; N/CKD; SF/CKD = 10%; PGSD duwoc
di&u chinh dé cac hdn hop viva cé dd chay ban dau 200 - 220
mm. Lwong vat liéu IC (bdo hoa nwéc)
dwoc duwgc tinh toan theo phwong trinh
(1) va (2) v&i dé co hoa hoc CS = 0,065,
sau do tinh thé tich hat twong &ng. Véi
cap phéi IC, thiét ké thanh phan theo
nguyén tic tdng thé tich cét liéu (cat
néng va vat liéu IC) 1a khéng déi, nghia
la vat liéu IC sé dwoc thay mot phan cbt
liéu theo thé tich. Két qua cac cép phdi
dworc trinh bay trong Bang 6.

3.3. D6 co tw sinh cta vira

Do co ndi sinh (AS) cla vira dwgc
thi nghiém trén co s& ASTM C1698-19
. Dung cu thi nghiém bao gdm mét éng
nhwa mém polyethylene c6 gan véi kich
thuwéc 23x420mm véi cac nat nhuwa dé
gilr lai mau vira trong éng. Dung cu nay

6.0 7.0
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Bang 6. Ty Ié vat liéu cho cac mau vira

Ky hiéu cdp | Ky hiéu mau Ty |é vat liéu tinh theo chat két dinh
phoi (*) do AS CL/CKD Vic/Vel N/CKD SF/CKD VatliguIC | PGSD/CKD
V35 pC 1.80 - 0.35 0 - 0,8%
V35LS LS 1.15 0.35 0.35 0 LS 0,8%
V30SAP SAP0,02 1.58 0.0002 0.30 0 SAP 0,8%
V30SF - 1.58 - 0.30 0,1 - 1,0%
V30SFLS - 1.03 0.33 0.30 0,1 LS 1,0%

(*): Giai thich ky hiéu: V Ia vi¥a; Vic va Vclin la thé tich ctia vat liéu IC va cbt liéu nhd; chi sb 30 va 35 la ty 1& N/CKD (%); LS

va SAP la loai vat liéu IC.

dwoc dat trén mét khung cirng (Iam bang thép hop kim) c6
gan déng hd do bién dang ngét cia vira. Khung va mau dwoc
dat trong phong thi nghiém véi diéu kién chudn dé tranh sai
sb do bién dang nhiét va am.

Két qua dd co tw sinh clia cac mau viva dwoc thé hién
trén Hinh 5.

Do bién dang cia mau ngay sau khi tao hinh va ga vao
gia do. O' 30 phut dau, cd 3 mau thi nghiém c6 dd co ngét
gan nhuv nhau, sau 30 phut gid tri co bat dau cé sy khac
biét. Trong khodng 5 gi& d4u d6 co tang kha nhanh, d&c biét
mau SAP c6 sw co ngét manh hon so v&i mau BC va LS,
tuy nhién sau 5 gi&» mau SAP va LS cho dé co én dinh, trong
khi d6 mau BC van tiép tuc tdng. Sau khoang 5 - 24h mau
SAP va LS c6 dd co ngét phat trién rat cham, trong d6 mau
LS én dinh hon. Nhw vay, m3u LS c6 dé co ndi sinh 6n dinh
va & mirc thap. Mau SAP co ngét manh trong khoang 5h dau
nhwng sau dé 6n dinh. Mau BC c6 dd co tang lién tuc kha
déu trong thoi gian do dén 24h.

N

saa] || Egy|

Hinh 4. Thiét bi thi nghiém co tu sinh theo ASTM
C1698

= = IC 30 CO

st L5 ) £

B4 oo ngdt AS, ¥10° mmim

Hinh 5. D6 thi biéu dién dd co tu sinh cla vira

. .:E-"H'._ Aiece 5 1.7

T két qua thwe nghiém c6 thé két luan, nodi bao dwédng
béng LS bdo hoa nwéc cé tac dung gidm kha manh co noi
sinh clia viva (hon 58%). Tuy nhién khi ndi bdo dwéng béng
SAP thi co ndi sinh cla vi¥a trong vong 4-5h dau lai ting
nhanh, diéu nay cé thé do trong méi trudng hd xi mang co
sy trao dbi ion kiém véi SAP (& dang hydrogel) da giai phong
m6t phan nwéc trong gel SAP gay co ngét thé tich gel va dan
dén tang co nodi sinh cla viva. Cling lwu y rang, néu thwe hién
do va tinh toan bién dang ctia mau SAP bat dau khi két thic
dong két (khodng 5 — 6h) thi mau SAP c6 dd co rat nhd va
th&p nhét trong cac mau thi nghiém.

3.4. Cwong do cua vira

Cuwong dd chiu nén cla vira dwgc thtr nghiém dwa theo
TCVN 6016 vé kich thwérc, tao hinh va bao duéng mau, két
qua trinh bay trong bang 7.

Bang 7. Cudng dd nén cla cac mau vira

Cuong do nén, MPa, | Ty & so voi mau
Ky hiéu & tudi khéng IC, %
7 ngay 28 ngay 7ngay | 28 ngay

V35 57,5 58,2 100 100
V35LS 51,9 64,4 90 111
V30SF 58,5 68,5 100 100
V30SFSAP 55,7 71,5 95 104
V30SFLS 55,4 74,2 95 108

Két qua thwc nghiém cho thdy cac mau viva IC nhin
chung dat cwéng d6 & tudi sém (7 ngay) thap hon khoang
5% - 10%, nhwng cwérng do tudi 28 ngay lai cao hon, khoang
4% - 11%, so v&i cap phdi dbi chirng. Sw c6 mét ctia SF ¢
cai thién cwdng do cla viva. Co thé giai
thich cac hién twong trén nhw sau: &
tudi sém, khi c6 mat LS hodc SAP bzo
hoa, hiéu rng c6 ich cua IC chwa bu
dép duoc sy suy gidm vé cudng do clia
vita (do cwdng do ctia hén hop cbt lieu
= £ suy gidm va dd &m bén trong vira cao

!F“q"‘.t:?. 5% hon). O twdi mudn, hidu tng tich cyc
<5 clia ndi bado dwdng da phat huy nhw
gidm va bu co ngét tw sinh, tdng cwong
thdy hoa xi mang, do d6 cwong do cua
vira dwoc cai thién. Trong nghién ctru
nay ciing cho thay hiéu qua chwa rd cua
silicafume vé cuwong do clia viva khi két
hop ndi bdo duéng, co thé hiéu trng
nay sé& phat huy & tudi mudn hon.

(xem tiép trang 98)
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Ti sb % cAu kién nguy hiém . a .
Tinh hudng Két cAu chiu luc phan Cap nguy hiem cua
Méng uiwep Céu kién bao che toa nha
thén
TH1 pfdm = 93’ 5% psdm = 0% pesdm = 0% A
TH2 Pam = 0% Pom =0,5% Posim = 0% B
TH3 pﬁz’m = 0% psdm = 8’1% pesdm = 0% B
TH4 P jam = 0% Poam =16,2% Prsam = 0% B

Bén canh cac nhan xét da néu & phan 2 va phan 3, cé
thé két luan thém rang, phwong phap danh gia theo TCVN
9381:2012 rat dé& ap dung, tuy nhién phwong phap danh gia
nay con nhiéu bét cap, va két qua danh gia cé thé khong
chinh xac.

Tai liéu tham khao
1. Chithi 05/CT-TTg, ngay 15/2/2016, vé viéc kiém tra, ra sodt,

danh gid an toan chiu luc nha ¢ va cong trinh cong cong cii, nguy

hiém tai do thi.

2. Nghi dinh s6 69/2021/ND-CP, ngay 15/7/2021, vé cdi tao, xdy
dyng lai nha chung cu.

3. Nghi dinh s6 06/2021/ND-CP, ngay 26/01/2021. Quy dinh chi tiét
mot 0 ngi dung vé quan ly chat luong, thi cong xdy dung va bdao
tri cong trinh xdy dung.

4. Théng tw sé 10/2021/TT-BXD, ngay 25/8/2021. Huéng dan mét
s0 diéu va bién phdp thi hanh Nghi dinh so 06/2021/ND-CP ngay
26/01/2021 va Nghi dinh s6 44/2016/ND-CP ngay 15/5/2016.

5. TCVN 9381:2012. Huéng dén danh gia mirc dg nguy hiém ciia két

cau nha.

6. ACI 437R-19. Strength Evaluation of Existing Concrete Buildings.

Loi cdm on: Bai bao nay dwoc hoan thanh trong khuén
khd @& tai NCKH cAp Bo, ma sb RD43-21: “Nghién ctru xay
dwng quy trinh danh gid an toan cdng trinh trong qué trinh
khai thac, str dung”./.

7. ACI 364.1R-94 (Reapproved 1999). Guide for Evaluation of
Concrete Structures Prior Rehabilitation.

8. ASCE 11-99. Guideline for Structural Condition Assessment of
Existing Buildings.

9. ASCE/SEI 41-17. Seismic Evaluation and Retrofit of Existing
Buildings.

10. Eurocode 8. Design of structures for earthquake resistance, Part
3: Assessment and retrofitting of buildings.

11. ISO 13822:2010. Bases for design of structures - Assessment of
existing structures.

12. JCSS. Probabilistic Assessment of Existing Structures. RILEM
publications, 2001.

13.JRC 94918 (EUR 27128 EN), 2015. New European Technical
Rules for the Assessment and Retrofitting of Existing Structures.

Hiéu qua néi bao dudng vita xi mang...

4. Két luan

Céat nhe LS va SAP san xuét trong nudc cé thé dap ting
yéu cau ky thuat dé lam vat lieu noi bao dwdng cho vira
cwong do cao. Str dung LS dem lai hiéu qua gidm co ndi sinh
cho viva tét hon SAP. Khi str dung SAP can Iwu y hién twong
bién ddi cAu tric nwéc hap thu bdi tac ddng ctia méi trwdng
kiém hd xi mang.

Tai liéu tham khao
1. Nguyén Duy Hiéu, Co s6 khoa hoc vé ngi bao dwdng cho bé tong,
Tap chi Xay dung, 2016.

2. Nguyen Duy Hieu, Le Quang Hung, Water movement in Internally
Cured Concrete, IOP Conference Series: Materials Science and
Engineering, Volume 365, Modern Building Materials, 032029,
2018.

3. Dale P Bentz, Peitro Luna, John W Roberts, Mixture Proportioning
for Internal curing, NIST- National Institute of Standards and
Technology, 2005.

(tiép theo trang 93)

Véi cac dac tinh hut nwéc, nha nwéc phu hop clia LS,
trén co sé tinh toan va Iwa chon ham Iwgng cla né theo cac
co s& ly thuyét vé noi bado duwéng, co thé dem lai hiéu qua tbt
vé gidm co ndi sinh (trén 50%) va nang cao cudng d6 chiu
nén cla vira (5-11%) so vé&i mau dbéi ching./.

4. ACI (308-213)R-13 Report on Internally Cured Concrete Using
Prewetted Absorptive Aggregate.

5. ASTM C1498-04a(2016) Standard Test Method for Hygroscopic
Sorption Isotherms of Building Materials.

6. ASTM C1698-19 Standard Test Method for Autogenous Strain of
Cement Paste and Mortar.

7. ASTM C1761-17 Standard Specification for Lightweight Aggregate
for Internal Curing of Concrete.

98 TAP CHi KHOA HOC KIEN TRUC - XAY DUNG



	#45

