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Long-Term Bittern Attack Resistance of High Performance
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Abstract: Based on the high concentration saline-alkali environment in northwest China, the mechanical properties
and damage evolution of high performance concrete (HPC) with large amount of mineral admixtures and fine
aggregate with potential alkali activity exposed in Na -CI"-SO} ~ brine were studied. The results show that the relative
dynamic elastic modulus and the corrosion resistance coefficient of HPC are greater than 90% and 1, respectively,
and the linear expansion ratio of HPC is less than 0.12%. The high equivalent alkali content aggravates the alkali-silica
reaction (ASR) in HPC to some extent. Air entraining can improve the brine attack resistance of HPC and reduce
the expansion by ASR. HPC of C50 prepared by large amount of mineral admixtures and fine aggregate with potential
alkali activity has excellent long-term durability in Na -C1™-SO} ™ brine.
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B R A A B AR K R R 3 a ), IRK
Lo B HE K I = % IR B R B SR A A K 4
AL & B HPC 76 7 1 W ki K (Mg -Cl -SOi & &
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Table 1 Physical and mechanical properties of Portland cement

Specific surface Water consumption for

Fineness/ %

Setting time/s

Flexural strength/MPa Compressive strength/MPa

area/(m’-kg ') standard consistency/ %

Initial Final 3d 28d 3d 28d
0.8 412 25 95 146 5.6 9.3 26.8 57.2
F2 EMBHLFEAR
Table 2 Chemical compositions of raw materials
w/ %
Material Sio, ALO, CaO MgO SO, Fe,O, Na,O K,O 1L
Cement 19. 56 3.78 65. 88 2.42 2.41 3.69 0.50 0.82 0.94
FA 52.68 32.42 2.94 1.21 0.74 7.47 0.74 1.46 0.34
SG 26.09 26.88 37.38 5.60 1.75 0.67 0.49 0.83 0.31
SF 90. 51 0.96 0.50 2.10 0. 64 1.03 2.00 2.26
20 B RE R T I ROE S A AR R AR ®3 BUKMUFAR
o \ W EL ] <D . Table 3 Chemical composition of brine
2.87 UKL DX A [T DX 5 AL R VG 77 /) e 7™ AE o1
LLI 1l e N ~ ) Yy N 4
Wedq,5 ~20 mm & 4L s M BB 27 R v A5
R4 SRS 5 H%L ~ 7‘&&: AR NaCl Na,SO, MgSO, CaSO, Ca(HCO,), K,SO,
0 B AURLEORE 14 d B9 B2 K 32400 500 O 0.123 %4
208.98 43.10 5.48 1.21 0.25 0.09

0.007 %4 5 5 AH 45 72 325 10 45 41 415 R A9 32 22 B 40 o A o
W o R R b R0 M S BEoR R T b
R AR O A B TR T R A
AN S W R, PG T B K A AR A B
I8 wVAE TR BRGNS O PA AR SRR W 5 4N A B
BRI EZ R R Ca(NO,),, H 5 B 30 % s R
12 1o 508K R R UK 36k 2596
FERUK A A kK.
P BR PG 7 K A2 0l T 1 K e g
A S5, B 7K Al 2L 3 3.
1.2 E&tt
P52 4% o C50 (1l 9 Fh L & L HPC. B %6

JRE T ) JE5 o

Fie BB 5 SR LB B S R M U2 51 A5 R BE 45
BT IR 2] HPC ML & b, W3R 4 TR 5 4 5
Ca50,C50Z fl Ca50Z H1 iy CfFE HPC,aftFE B 5]
SR B R HPC WL 58 B AR (R, Z AR R B
BHL5 77 s % BB 4 HPC 4 Na,O,, 39 0 0.8 % , & <& (1
U BO 53 5 5.1% . 1.9% F14.0% . 7€ 3 Fhoxt B8 21
HPC Bt 4 Hefg 3 il 1, #53 2 4b i NaOH % it
Na,O,, 73 %~ 1.2% F1 1.6 % 9 HPC It 4 ke, &
NaOH %} B2 i F 78 9 5 )5 pRic-0( i Ca50-0) , #h
T NaOH J& Na,O,, 4351 4 1.2 % Fi1 1.6 % 3R 78 S
5 A AR -1 F-2(40 Ca50-1 1 Ca50-2).
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Table 4 Mix proportions of control HPC
kg/m’
Sample  Cement FA SG SF Sand Gravel Water reducer  Air entraining agent ~ Rust inhibitor Water
Ca50 325.00  60.00 100.00 15.00 741.00  1159.00 10. 00 0.25 0 150. 00
€507 325.00  60.00 100.00 15.00 741.00  1159.00 10. 00 0 33.00 127.00
Ca50Z  325.00 60.00 100.00 15.00 741.00  1159.00 10. 00 0.25 33.00 127.00
s T 140
1.3 RKEHE [] Ca50-0 § C50Z-0 [] Ca50Z-0
i3 U E HPC AR 9 By SR 2 VE RS IR R AL 120 | B Cas50-2 § C50Z-2 [ Ca50Z-2
WL TS VA6 0 K55 k1 ASR F 8 T 0 -
. Il \
%4 150 mm X 150 mm X 150 mm f37 7 i T §§
S " . _ 80t N
WS e 5 B 5 79 34 #3003k 719 100 mm X 100 mm X = 80 §§
NI S TN 2 N
515 mum [ B M PR T 0 5 0 380 B 74 < 60 \
. ” s — N . N N
BRI BE . DIR P47 3 5 28 d B 35 3 R R 7 wl %
— v N s y=t P, S 4 2
7 h ) B L 98 LI I T 0 K A A A\
. . . _— i N
W, o U ERF £ B et 391 30.180.365.3 650 d; LB 20 g§
B O e v N » N Vi L . N
FEAIR PERRAE TR 7 24 hit K R K SR 5 0 ﬁg P e

IR0 1 K ARG DU A s 1 ok 2 Ry
3.7.14.28.60.90.180.360.720.3 650 d.

K F NM-4B B3k 4 Ja #8 75 kU 53 Bt 4R R %E
R T AL S S HPC 3428 4 7 7 0 7 S A
JE LR E 2 Ik % 2 B GB/T 50081—
2019CTR BE £ 9 B 1 2 R e IR 90 Jr vk AR ) L R
YAW4306 B G AL 45 i) f e Ae] ik 3 5% AL I HPC
R 0 B0 5 B R BT AT B L B HPC £ i K P
Tl 3 650 d B Y 58 B2 RN IR Y0 HiT b 1 FR 47 28 d B A ik B
9 O AR, AT T B3 0 ok R B (K, v g 0 iR
THEAS 2 By P o R ALK, B b o B 15
PR E ) A BT h R (K ) 5 R EM-30 PLUS #
& A BE (SEM) FA4RH: X-ACT B X 5 4k g ik
X (EDS) % 7 < /K 7132 31 3 650 d B i) HPC 3 4 1F
AT SO 235 44 FR DX R 43 53, I iy 0F TR 8 0 A it 11
W 1 T A T LA B A, DRI 4 i L R 15 KV
EDS RAERF[E] 24 5 min.

2 Z#HERE5iTiE

2.1 HEXEEEESE

Bl 125 HPC By E., BEAE 1 7K HHHig e i 1E] 9 728 1k
F AT 1 AT DL B3R 6 I 8] A 1, 2, AR S 18 I A1
Y] HP C SO 25 1 REAS R AR il 5 1 1
2 AMESE 3 Y5 F2 v HPC R W K 38 AT DI 7K
Te Ry KA, I Tl B 51 AR BE L ) AR LAY D A LA
(AFO R T 55 71 e e FL B T, ik — 20 3 SR
Tk 1 2548, DRI B 922 96 P ) A28 T 8 92 96 = 38
AR W7 A B0 JE b A R A SR B 7R A 1 i B R S fif

Immersion time/d

K1 HPC Y E,BfiE i 7K R I e i 28 40

Fig.1 Variation of E,; of HPC with immersion time in brine
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T90%6 , e WA A 34 A S A 7™ 3 1) T b IS 5 A il
FHAR ] A0 500 6415 50 T, 76 1 7K Hhi i 3 650 d 1
R Na,O,, HPC 1 E,, FEAR R B2 AR X 8K, R
Na,O, (21 ASR A= 51 2 i) i Ik 24 4% , 14K T I i g
TRABIRER 3 BUE 505 % 1 PR s 76 v K i
3 650 d i, 1 [ Na,0,,Ca50Z i E,, KT C50Z
E,, 3% J2& T HPC 25908 1l = ) i) FL IR 25 TR A B
1&g AR ST B S 3 NS AL AT UV = )
(0 6, 27 i TR E 1 52 0 0 B Ik PR 453 405 5 78 i K h i
ML 180 dJi , #H ] Na,0,,Ca50Z [ E, 34K T Ca50
() E.., = WA B 74 R T 22 % HPC E., [ FEAK .
22 BE

P 2 hy A i K TR i 3 650 d i HPC /) K, Fil K
Z [a B &, Hih Ca50-0,Ca50-2,C50Z-0,C50Z-2,
Ca50Z-0 F1 Ca50Z-2 iy K. 43 % b 1.25,1.08, 1.11,
1.03.1.22 1 1.09, H K43 %14 1.65.1.53.1.50.,1.32,
1.58 F11.55. & 2 7] WL . K Al K, 22 [i] HLAT B e A 26
PR PE , M58 2B R=0.995 0, FEA 25t n=6, L
i PEAKE a=0.01 I Il FAHDC R B R, ,=0.917 2,
T Z R OCHE 2 s KM K ¥R T 1, HAR TR
AR K/NT K R R KRS A ASRISG/ER T,
HPC W $T 8 25 5 4 4k I AR SGE# K AE N
PEA HPC 47 11 7K JE Tl BB A 6 4



W, 45 ASRAMER T e P RE TR BE - A4 4 01T B K R b 313

EHRE 2

1.8 .

K=1346K, .~
. R=0.9900 -
[ | i
15¢
M'— - ,/,/
12+ e
0.9 1.2 1.5 1.8

B2 T KR 3 650 d i HPC By K Fl K2 [A1 1Y % &
Fig.2 Relationship between K, and K; of HPC immersed in
brine for 3 650 d
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Fig.3 Compressive strength and flexural strength of HPC at different immersion time in brine
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Fig.4 Linear expansion ratios of HPC at different

immersion time in brine
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Fig. 6 Relationships between linear expansion ratios of
HPC specimens immersed in brine for 90-3 650 d
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JE i BE AT 5 B 43 0 B 2 PEIKF a=0.01 Fll a=
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0.811 4, 3¢ B 6 % i B R A K I 26 1M ¢ &R LU R K 1Y)
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Relationships between linear expansion ratios of HPC specimens with different Na,O,, immersed in brine for 3 650 d
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Fig. 7 Relationships between linear expansion ratios and K

of HPC specimens immersed in brine for 3 650 d
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AT UL Rt JE BB A & s ASR S 7 I B IR AR AE . IR I,
HPC EU# Y 45 MRAB 2 15 W145 6 R BE RS AR 4
DBt 525 RS T R 0 ASR I KB . i I 8(e) AT I,
G GIA B AL AP IE TR 3 K I k=) AFt, R
X BB AL AT IR S 2 K 7= ) B 6 . LA Hh 51RO
IRy 3P HL A 2 58 Y AL RE 98 A 25 b e T Al
P v A T 2 FLE I L T AR A1 B AL IR K
By o) oI RS E B9 AL AT LA 158 48 T 24 R
T A A, DA T REL 1 4 4% A — 20 R e IR, A
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Fig.8 SEM images of Ca50-0 immersed in brine for 3 650 d
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(b) ASR gel and AFt crystals
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2 1 5 Y BER W EDS b, Ko A
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Jei o 45 T 545 A X Ry
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(c) EDS analysis of ASR gel
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Fig. 9 SEM images and EDS analysis of C50Z-2 immersed in brine for 3 650 d
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Cab0Z-0 B A e 5 19 0 0 7K J 1l 58 7 R0 B B s 1y
ASRFHIE .

ASTM (C1293-08b {Standard test method for
determination of length change of concrete due to
alkali-silica reaction) 1 ¥ Wi 48 & kL XT ASR A 411 i 2%
JEEE IR 2 a i WA (R TR 56 b A A1 1) 4 1 B ik
HINTF0.04 06 AT LUEZZ Y . i B 8 L9 nl UL, 7
i 7K FPR I 3 650 d I, Ca50-0 & & A4 ASR, C50Z-2
S Jry 3 X 3 2 A2 ASR, JEAE 720 d I B9 ASR & JBE I
AR A 40T 0L, HPC 78 1k K TR i 720 d B Y
RN ik Fe KT 0.04 %0 4 e AT RLHEI , HPC 1y

[ Qe -y e N T = G ES B A I T
AT WA R R HPC IS 2 5 s 4B AR
] ASR ZCR A9 5E BRAE , 2 a % 0 ) TR B - e
PRALPE R K R AR T 0.10040 1, AT 8 5 B ASR
AT ARG g 40 ) 2R

3 it

(1)#£ Na'-Cl -SO; B /KRBT, & WAL DG
PEAHEBHY KB 20 P15 G B HPC B AR X 2l 5 M A
P R R AT 5 X R I ) R SRS S
REAIK 53 650 d B, AH X 2l 8 P 45 5 =90 %6, H0 8 okt
B> 1 BUT 6 b R 80> 0 R ol R B, BB = 1)
SR ERTE ARy P

(2)7E Na'-Cl -SOF B pq /K I T, 5 W8 75 5
I Pk 4R KB B W35 5 B HPC Y 261 1 ik
R [ 12 0 HoF ) B < A B B R Rk 2% 5 R
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