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Functional Lightweight Aggregates in Mass Concrete: Application and
Temperature Control Technology
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Abstract: Application techniques of two functional light aggregates (thermal insulation fine aggregate and thermal
storage coarse aggregate) in C55 and C30 mass concrete and their effects on the hydration process of cement were
investigated. The influence of functional light aggregate admixture on the fresh concrete properties, mechanical
properties, peak temperature, and rate of temperature rise was measured. An application technique under
semi-saturated conditions and controled comparable working performance by decreasing water content was proposed.
The results indicate that both thermal insulation fine aggregate and thermal storage coarse aggregate have certain
early strength and temperature control functions, in which the thermal storage coarse aggregate is better. The thermal
insulation fine aggregate has little effect on the setting and hardening rate of concrete, whereas the thermal storage
coarse aggregate can play the role of in-situ self-heating curing in the early stage due to its phase change energy
storage, which obviously speeds up the setting and hardening rate.
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Table 1 Performance of functional aggregates

Loose bulk

A . Particle size/ density/ Compact bulk Apparent density/ Bulk porosity(by Strength in a
rega nsi
seresate mm (ke L> density/(kg-m ™) (kg-m™) volume)/ % cylinder/MPa
g'm
IFA 0-5 935 964 1816 48.5 11.2
SCA 5-8 912 933 1600 43.0 7.8

1.2 RBAE
YR BE T B R EBE MK Pt GB/ T 50080—2016¢ 3% i
TREE T+ AW P RE 6 7y ik )W X, BT He i B 3 56 4K

5 GB/T 50081—2019¢ R #E + ¥ # Iy 2~ M RE I 58 7
PEFRAENHEAT SRS/ 100 mm X 100 mm X 100 mm
By 57 R R AR R IR TR E R = T R
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Fig.1 Water absorption ratio of functional aggregates
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Fig. 2 DSC curve of paraffin
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150 kg/m?, 58 & A1 B} S 1 469 kg/m?®, SR A I K
i Ok W5, FLrb oy K (48 15 R 25040, 0 i L
K45 iR 1590, SR BE + AP R 40% . ol £
YR, 1 2 KRB 5N 1.30% , DL i HE 4 7
(220£20) mm, H TAEMEREM 5= .

K 50~80 kg/m*( 5 iR &E £ B i1 2.1 %0~
3.390 Mt PO A B G R BV AR 40 A, SR R T
AR R SRRV ARES 2 h D, CH5 IR BE + 1Y c A& EL AN
PERE W3R 2, Forf 4, 0 97 8 ELAR U 30 21 500 mm B
e BB E] LR T8 AR RN B A R AR R A B BUR B
o 1l E DN L o e o e AN 1] X E
A2 RE ) h K A AR TR B - N 4k S oK
g1, AT LASG oK Y AR 5 AR B 07, AT 2 5 TR
B - 5 S8 RV A1 PR ) R AR AR R R B s SR
AR, BI2 2% D e 4% A2 kL i Wk e th 2k, 7R T
Tl VR 17, 4 T e 4% 4 R O 29 3~7 min, I IR
IKF Ry 24 h K #6170 %6 ~80%.

F 2 2 ] DL 4 KRS HE R K B R AR 3 2 R
2 A FR 25 Y T B 4R AR ), AT R LR R CH5 TR BE
B TAEMERE , B At HORL A RE X TR fi i 48 T B



856 pi

WM B % W

o526 %

F2 CS5RBEITMESLERE

Table 2 Mix proportion and properties of C55 concrete

Mix proportion/ .
prop s Sand ratio/ %

Fresh mix performance

Compressive strength/MPa

] (kg'm™7) Density/

Specimen o

. Flow (kg-m™)
IFA SCA  Bymass Byvolume Slump/mm ts00/'$ 3d 7d 28d 56 d

diameter/mm

C550PC 0 0 40 42 220 540 20 2442 35.1  57.6 68.3 76.5
C55IFA50 50 0 37 38 220 560 19 2430 35.3  55.2  66.1 74.3
C55IFA80 80 0 34 35 225 585 17 2426 35.6  52.7 65.9 73.5
C55SCA50 0 50 41 42 230 600 17 2413 36.7 51.6 62.2 72.8
C55SCA80 0 80 42 42 235 630 15 2402 37.1  49.5 61.7 71.5

W T ARmER EHAEEEMWE: S A
(C550PC ) AH I, B R L 40 4R B CH5 TR BE + 3 d
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Fig.4 Effect of functional aggregates on resistivity of cement pastes
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Table 3 Workability and mechanical properties of optimized C55 concretes

Compressive strength/MPa

Specimen Water dosage/(kg*m *)  Slump/mm  Flow diameter/mm  #,/s  Density/(kg-m *)
7d 28d
C550PC 150 220 540 20 2442 57.6 68.3
CS55IFAS0 147 220 545 18 2428 56.3 67.6
CS55IFA80 145 220 545 18 2403 55.2 67.1
C55SCAS50 145 225 550 17 2413 53.6 66.7
C55SCAS80 142 230 560 15 2 381 51.8 65.3

1 2% 3 0] DL« 76 ) Je 5 bR o R, G R 3T
K RPHE YR 5 C550PC AR T, S AR T AR
B £ 7L 20 A R FH K TT DL FRRAIG 3~5 kg/m’, IR R R
R B i FACREL A 7K o DU B, 1T AR 5~8 kg/m’;
AL AR K &, 18 A )RR e 42 R 45 IR BE PR
S 3 A R O /DN, LR 7 d R SR A R R O 2 %0~
10%,28 d H0 H 5 BE 1 [ i Oy 196 ~4% , o] LUK it
3 B AR PRAG s B 25 W N 7 d B K B 28 d L R
AR R N IRV FH (8 5 TR B8 - R R 1 AR R O
/N C55IF A0-2 41 5 C55SC A50-2 20 47 He 3 Ji A ifT
W& AIL T C550PC 4, ALFEAR 206 , 1l C55SCA80-2 4
PO 58 B WA T C550PC 41, FEME AL 4 % .
2.2 IThEERR &R C30 KRR + h a3

XF T C30TREE 1, 454 ff BE 1Y TRE S B, 6 g I
IR H R 0.40, 2 e R R FH 8 380 kg/m”, SR 4
JRRNE ok S5, FL R K i3 R 30 %6, 5 L
Wik 20 % . FE TR &+ 09 K2 152 kg/m*,
b 3%k 39%. i o 2 Wk 5, #E oK Rl B R
1.0%, DL i 3195 B o8 (2204 20) mm, H T/ M fig
PS5 T C30 58 B 2R B, £l 75 Ty i o 4 ek xR

Bt 772 Pk R 0 R D55 . Ry 1 iR s 3 7 S BRI
P o e AR A %) 80,120,160 kg/m”, 43 1) /5
TR BE 4 A B 19 3.3% .5.2% .6.9% , 5% B 25 (R FHL %
8. 2% Fiid Co55 R EE - e & Ltk )7 vk, W45 T
E M B AR T 1T R A K L A5 BI040 Ak S TR B e A
Lo B HAERE AN 4 s

i & 4 0] L c P R E - T/EMEREAHIE L B A
80~160 kg/m’ i M) Be R4 K}, 25 C30 1R BE - /K i
A LA D 5~10 kg/m?, I v fifg AORL 2 Ak 1) D 7K it
TR AN SR, IR EE + A RE A DR R s B A
{5 T 40 45 R Y 45 L TR BB 7 d B TR 5 B X T S 0
21 (C300PC 1), Hivp C30IFAS0 41 4 7 d It 1K 8 &
B, IR IA B 28 d BT T C300PC 4, 48 A
120,160 kg/m* {4 L 240 5 k9 2 203814 28 d B0 He o B
5 REUEI AL , AR KBRS 1.7 00 548 At BO B2 L
(14 3 4 Yk 15 B 1 3 A L v A M B R R, 7 d e K
B E 2.6 %, 28 d e KR R 2.3 % .
2.3 BIEMHEETR
2.3.1  C55 RARFIREE £ 1y 4 R T+

T RGE T RE R A Rk X AR BTR B A A LA

F4 MUBECIORELIMESLL R E MR

Table 4 Mixture proportion and properties of optimized C30 concretes

Mix proportion/(kg-m )

Sand ratio/ %

Compressive strength/MPa

Specimen My /my, Slump/mm :?{Zn;‘:i/)
IFA SCA Water By mass By volume 7d 28d
C300PC 0.40 0 0 152 39 41 205 2413 35.2 47.2
C30IFA80 0.39 80 0 147 33 34 205 2368 36.1 47.7
C30IFA120 0.39 120 0 147 31 31 210 2352 35.8 47.0
C30IFA160 0.38 160 0 145 28 29 210 2341 35.5 46.4
C30SCA80 0.38 0 80 145 40 41 205 2345 35.1 47.1
C30SCA120 0.38 0 120 143 41 41 210 2310 34.8 46.5
C30SCA160 0.37 0 160 142 42 41 210 2285 34.3 46.1
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Table 5 Calculation value of specific heat capacity of each
substance
kJ/(kg-°C)

Water Cement Flyash Slag  Sand Gravel IFA  SCA

AL TREBEEITENTEZE, A TSR
FE Y TRE A B T4 B0 T A T B A A R 0
(BT S B RZ R, 52 T CB5 o R PR BT BE 1 93
TR B B ] 1 AR AR O R

F 64T COSTREE & 1 #2 PE BE AN 46 $0R Tt
PERE . R 6 AT UL B AT e R L RS , Co5 TR & 1
(18 3 A R IO e B4 20 K 45 R IR 200 4 ) 2 it PR
R4 R B BE oh 12.4%~19.8% . 26.0% ~
32.2% it PO AR RE Y S A R B0 3 K T ORI 4 4
BEmSCER[25] B 296 T 4% £ i R TIR SR
WP AR BALEAR 4% ~14% R N B T A il A B
PR B (12 0.18 W/ (m-K) ) Z 4, it 554581

|~ [~ [~ N
4.18 0.82 0.75 0.8 0.75 0.67 1.05 3.20 g?L%*@ﬁﬂé
F6 CS5RETHHMFUARMERBA MR
Table 6 Thermal properties and adiabatic temperature rise performance of C55 concretes
Moldi Peak T . Decrease of
n a mperatur
Specimen odime . ¢ ¢ ‘pe ) Hre temperature k/(Wem K1) ¢/(kJ kg '-CY)
temperature/C temperature/C rise/C e
rise/C
C550PC 17.5 71.3 53.8 0 1.77 0.93
CS55IFAS0 17.7 70.8 53.1 —0.7 1.55 0.94
CS55IFA80 18.0 70.3 52.3 —1.5 1.42 0.95
C55SCAS0 17.9 67.8 49.9 —3.9 1.31 0.99
C55SCAS80 17.8 66.5 48.5 —5.3 1.20 1.02

IS4 T Co5IREE L4 R THah & . b 1| 5 0f
UL - C550PC 3 E 4 76 K £ A0 10 h g o iR &
R yG R THRRF SR B R R, Y oK PR 2 d s L iR T
Pz 35 5 KAH, TH il 8 i 22, vhoe fewm R B TR
FE 5 T Y] e A2 R XTI B A 45 R O R W i, %A
e KT BTN B T i R R AR N TR EE 1A
1) W (L B A B[R] A S 5 A T e s A Rk Y 4 A
7 PR TE i A BT C550PC 4 5 %, Ho I {H IR &
Wit 5 L) e 55 5 RL 42 et 1 15 T A AR 5 it PROREL B R Y
P IR SOR B T IR IR A0 AR o428 A 50,80 kg/m?
P An 4L L R EE b e = IR E A TR T 2
0.7.1.5 °C, B8 A 1.3%~2.8% . A% 1 40 5 Rl 1 12 1R
FEFH AT IE PR T 5 00 2R 000 R AR L P2 i 385 K, A
T 5 I 22 A8 /1N 48 A HORL A R 9 TR 6 1 48 TR
Tl 2R 5 B 5 0, FE R RS 24 hii A i K
3 d J5 IR T e KAE, M F C550PC A J5 T 24
24 h, [ B R BE R e B T ISP 22 R T e S A
C55SCAS50 Al C55SCAS0 1 £H i 1 43 ) R % 3.9,
5.3 °C, B R 7.2%~9.8% . 3% J& B Tt B 42 R
A Ry A i, LA R AR T RO A ) 24 0% i R
A AT AE S A AR AR (1 3 AR WS 4 K TR K Ak T
T AL D TR TR DT AR TR B 1

(19 e A T 8 G 3k 8] e A 3 T A B D S 4 3 T
B2 i RO SRR B TR LB BR TS R R R
BRI BE P B 1 R 2 A o A0 9 A7 57 4 A AL
A
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Fig.5 Adiabatic temperature rise curves of C55 concretes
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Fig. 6 Semi-adiabatic temperature rise-fall curves of

C30 concretes

— A RE P ORETFHRZEE PR S
C300PC 3 i 4 AH Eb 8 A (R I 20 45 R F g $A0H 48
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2% 5 W DR AR R B A N, R T B R TR B
SEA AT T L - ORI A0 AR R 4 TSR B R AN i A
FLAERL, 8 A IR AN H2 R 10 & 410 8 - e KR T
[ 0.6~1.9 “C, B 4 3.7 % ~11.6 % , 1Mi 8 A fif #ukl
kLY 3 AR BE IR KR T T 1.7~3.6 °C, Bl by
10.4%~22.0% , Bl W00 B 5 48 A 80 kg/m*fiff #4
FLAE BHAY C30 VR BE + TR IR i 4 548 A 160 kg/m”*
L 20 4 Rk 4 R ST, 10 B A AR R X YR B - i 4
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Table 7 Semi-adiabatic temperature rise results of C30 concretes

Specimen Molding temperature/°C Peak temperature/C Maximun-l i Averagf healilng Averagf coolilng
temperature rise/°C rate/(C-d ") rate/(*C-d )

C300PC 26.7 43.1 16.4 8.16 3.78
C30IFA80 26.8 42.6 15.8 7.92 3.74
C30IFA120 26.5 42.2 15.7 7.87 3.72
C30IFA160 26.8 41.3 14.5 7.27 3.62
C30SCAS80 27.0 41.7 14.7 7.31 3.58
C30SCA120 27.1 40.5 13.4 6.69 3.32
C30SCA160 26.9 39.7 12.8 6.39 3.16

B AP R RS L 45 C30 IR BE + 2 48 P T
T 2 b BRI E ST 15 4R 2 0 I () 1S, 15 1 i AR
HHL AR AR AN AU AT LA AR B 1 A W A R B2, 38 ] Lo,
Sz 1R E 1 T T R R L R 5 v A A L
C30SCA80.,C30SCA120,C30SCA160 41 i 7 ¥ 15
R R ) FRE T 5.3%,12.2% F116.4%. Hrp
C30SCA160 21 FF iy T3 of i) 4 FE o 41 4E I 1 24 6 h.
2 700 W, 5 C300PC A A L, 8 A 80,160 kg/m’fi#
POHL B RL Y C30 ¥R BE 7 24 TH IR 3 R 50 5 TR T
0.85 “C/d(F# 1§ 10.4 %) A1 1.77 *C/d (M 21.7 % ) . 1§
(BT A9 R AEG T Sk 8 25 R o 30 3R R 2% L X — 3
LR] M 1T, A ) T K i B3R ARG R A FRTR s 1 B 41 T 2
FY AU

BAIRAIEERHT) 34 C30TREE - P O IR E T
R ke $h 5 C300PC S ML AR A] , 1M fifs AR 42 AL 7 [ T
B B A SR A T C30 TR BRE - 1% B T R 502 R Ry i
PO AL B G AR RO B Th g, 76 1 BE T e 1) 2o A2
o, 2ol 2 AT A R 6 T RLE L BB A
it R AR B C30 TR BE + F ¢ A4 ok T ity 2 P 852 il 2%
55 C300PC L ELH 1> 4 P ik it 2 A 52

3 HHig

(1) R FH 210 AR 25 00 Zh B 4% 1 Rk, 42 1l TR B 1
TAEVEREAH T 38 2 BRI K &, ol L rh K i E
SR R RS AN AR, W W 55 ) Re R AR R IR ) B iR R
BARHE ok 1) B THT B2 R . Y ) BE B AR RHAE CH5 TR BE 1
5 8 50~80 kg/m’ B, AT K 3~8 kg/m”, 1fij 7¢
C30 ¥R % + 8 & K 80~120 kg/m*, A Ik /K 5~
10 kg/m’, Ho v fif BORLAE B 98K 2 w0 1 4
R

(2)# A 50~80 kg/m’ [ D RE 2 4R 5 |, TR & +
P18 5 figk 300 SEE A 5 R L 200 4R X T B 45 Rl Ak 3 3R 5 i)
AN LA RORE 2 Ak ] LA B I o sk 5 4 R A R A
LR 2 )5 AL H IR RO PE T . B I A 3G 4G Ak
PICHE A2k X TR B 0 5 32 17 T ik ke A 1K

(3)1d i 45 A ORIl 40 42 RN Al AR B2 L, 256 A1)
TR B b 0D S R R A R AR 0 2, LA PO AR
A LR A A IR ROCR 2 2 O T IR IR A0 A R

(4) T REFR AL R N, AT R AR TR 566 4= 114 v o0 i
(B IR B, A0 27 3 1) e (I 35 A4 BeF i) ik % T UL 3%
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MoB % )

o526 %

T R Tl BEY e 193 % N N S (17 DN
50~80 kg/m’ T i 45 ) C55 TR B 1 45 #4J 7 il
2R vh i W R IR 0.7~5.3 °C L, FE IR 2 1.3 %~
9.8%. % T4 A 80~160 kg/m’ Wy e 52 4 kL C30 1R
BE A, FLF A PO T v Y 0 R IS 0.6~
3.6 °C, [R5 3.7 % ~22.0%.
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