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Abstract

Combining biological eggshell powder (BESP) with waste glass powder (WGP) can effectively miti-
gate the alkali-silica reaction (ASR) phenomenon. This study investigates the mechanical properties
and microstructure of high-strength concrete (HSC) modified by the incorporation of BESP and WGP.
The development patterns of slump, compressive strength, and split tensile strength of HSC were
examined with the replacement of cement by varying proportions of WGP and BESP. Additionally,
SEM techniques were employed to analyze the primary components and microscopic morphology
of the hydration products in HSC. The results showed that the combination of WGP and BESP in-
creased the slump of HSC. 10% BESP and 10% WGP added to concrete resulted in a 28-day compres-
sive strength of 98.95 MPa, which was enhanced by 22.92% compared with the control group. SEM
results showed that, compared with the control concrete, the BESP promoted the secondary hydra-
tion of WGP in the concrete, which led to an increase in the internal C-S-H gel content increased,
filled microcracks, and transformed large pores into small pores, and the spatial structure com-
posed of hydration products was denser, with better concrete integrity.
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1. 5|8

BEAE TR E TAL 2B R, )2 G UMK S FE M 2 45 S S5 M A9 R R BT 2, A1 b KT ) il 5 1) 2
R IOPPRHE T BRRB ™ 7 R R, e R VR L 1 AV RPUE SR (1] [2], X2 2 H B
TR L ARAR R [3] [4]. RIS, g 87 SR € R B8, R FH [ B ok cse v VR sk - A i
(3 AR,  DASZIE IR ) ml 35 SR AN AR BT G fH . 17 PR B IBRN PR 3 AR S A N R ATRE, B4k TR
B KB J S OO AR, TESR TS BE L i PR ] RE SR U5 T B EEANME . 75K IR T T
BTN, AR RCTE A, A BT AR IS K JI[5] (6]

TR B S AR, R — RN B AR IATRE, LSRR TR EE 100 JAE[7]. TERRE,
2018 4F RS = Bl 1T A 1880 FiM, F 2022 FEIGZE 2432.7 Fildi, Horh R A — L3 EUCRI A, T
A% TR UAT 140 A2 77 35 3 4 o BB 5 SR 712 B P58 8]0 DN T 4 ve PR SRR 1) [N SCR L 2R, 6] Ay 723 SR R
A KB IB NI TR . S5 REBH, 15%M 20%35 & 10K BE B AT LA R TR B 1
JEFE P [O R AT [ 1O RIHT R SR EE [ 11]-[13] B4, IR ESR 18 NAE— E AR 23 & - 1R B(ASR)
MR, Mo THH ASR ILGURAE, FEERF AR R BRI FRLAR RN b, Hodkias /T 300 pm AT AL
0] ASR BLG[14] [15], Tgh&HARSMNFIANE G RLERIMNH] ASR FIFF A

W E BRI ARIRES, BT AEVBIIMEL, @M TRR ARG, ENA KA BT K
PAEF=[16][17]. BFFRM, 10%HM 15%B 2R EEFTCR NI IRE T H, §8H R & 3L ) 5= s Fi
AME[18]-[20]. FEH, AEMEMIEBGMAIER, B8 48 FKIe BRI [21], FHIE SRR =
LKA SR, TSR TR S 1 ISR [22]. AR SEHIE T LLS 4K Si0, B T itk BE 21 4 TR bt
RIS T, 5 SRR BESP BB BN 5% 10% [23]. HAh, EiEBE G A E TR o LS
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KIWKM RIS & ), AT DA AR s ek B — € s P [24]

H TR T AR R B ASR BLR IR E FIBT LB =, I A SC DL AR SR 5e k5 IR BB 45 5 40
il ASR LGN iy s et IV FL . AHIT TR IR B0 55 AR ER e R 5 B AR 20K U, AR Dl B e
PRI =t iR s L, IRAI RS G RIBRI I %, DURREELYERR M, EARIHERE . 41
iR FEANBS ZEHTH R L AR A A . JF H., $9 3 FLBL(SEM), XR BN - LWk nR IR - A RO
LERIBEAT W o RE VP BB 25 AE T, IR B AN AE W R 5k 3 R UK A e B RERA B K R AT 1,
AN I 353 o A A W e e A v iR e B AR SR S

2. iR
2.1. [REAR

IR @R 2K Ve s A R RIRTRD, SRR T BRIGET, AEECN 2.71; HEESHRA
B, KRN 4.75 mm~20 mm, FUEERHERIE B 7350 2840 kg/m3 Fl 1730 kg/m?, WR/KZEN 0.55%;
KRR F R 2 TR R RS AS IR 77, K %A 25%. WGP BESP S5k kA2 BB an ¥ 1 Fiz~ . BESP
AT WGP [f] SEM HL I 2 Tz
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Figure 1. Grading curves of BESP and WGP
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Figure 2. Microstructure of BESP and WGP
2. BESP 1 WGP M5
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Table 1. Mix design
= 1. LAt

it & bt (kg/m?)
ENCE TR
K 7Ke &k R BESP WGP K IKIKEE
0E0G 133.5 445.0 582.0 1292.7 0 0 4.5 0.3
10E0G 133.5 445.0 582.0 1292.7 44.5 0 4.5 0.3
0E10G 133.5 445.0 582.0 1292.7 0 44.5 4.5 0.3
10E10G 133.5 445.0 582.0 1292.7 44.5 44.5 4.5 0.3
10E20G 133.5 445.0 582.0 1292.7 44.5 89.0 4.5 0.3
10E30G 133.5 445.0 582.0 1292.7 44.5 133.5 4.5 0.3

2.3. SEWGE

VR &k PR AR I AN BS BT h R e bk B YK A MTS2000kN /el ie L, HRIEHITE GB/T50081-
2019 I 5 T 50 AN BS ST hr o i o JRHE T AR AR 25 440 K 3 H - B A B R (SEM) EA T 5

3. ZRE5VL
3.1. FEE S

FHCA LR A B 3 Fros. AR 3 AT 43N 10% BESP #1 10% WGP, $H&E5r 7 EIH 2
44 mm F1 45 mm, $E5E T 12.82%M 15.38%, W#H BCEIHEERCREAME . mibEE WGP & & 13,
PRE R R PI G, Hd 10E30G (10% BESP 1 30% WGP)H & FE ik 25 KMH 55 mm, AT XHE
4 0E0G (0%)FEm T 41.03%, ¥iH WGP &= hnal s HSC miviahte. SR a2 WGP RS
T, DA R B RS BRI K 28 3 3045 B B 2 1K A R KV S, ATTSE I 1 & BE[9]. k4, BESP
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Figure 3. Test piece slump
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3.2. ERESBERIAEE S

F A Lo VR e AR A P SR AN B R s A IR ] 4 BoR. ML 4 AT, PR R E FIEE R
iz o B 45 B B S 8 hn i e/ e A . b, 10E0G (10% BESP)FI 0E10G (10% WGP)AHE T 0E0G, i)k
i 1B Sy B B 1) 45 3 IR B 3R FE, BB BESP &7 N 10%F1 WGP & & 10%, ¥4 B T#: 7+ HSC
(B 3 FE AN B R TR SR EE, IX 5 AR 8 IR TR AR [F)[25] [26], H 10% WGP B3 T 58 B 85 R 2R
T 10% BESP, X2 T WGP A% T BESP, A S m R, S8BT, g WGP S &1
BN, PR SR AR GR GEE 2 0N MY, Ho 10E10G (10% BESP A1 10% WGP)H70E 58 5 Fl55 54
o sm A B i KAH, 2058 98.95 MPa 1 8.2 MPa, H#T 0E0G 2 HIHEH T 22.92%1 20.41%. JR[A
Al e BESP {2 7 WGP I LK R Bi[27], 1 HSC WHESE M7 s, MIM#E 1 HSC I 3EE .
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Figure 4. Compressive strength and splitting tensile strength of specimens

4. MHMERERMBERIAERE

3.3. SEM H BRI 4T

AN BRI, TR L KA I R B R 28], Wi — i BESP M
WGP B85 HSC O TES 520 o AR T M /K PR D S AT B2 M B 44 o

5 /& /N[A] BESP F1 WGP # & IR &t LK Je b % B IESR . MKl 5(a)mT ELE H, 24 BESP Al WGP
BARER A 0 i, WEERIL, H AR T > BRI RERRAS (C-S-H) B IREEAAS(CH). 4EHIR AT
Fi(AFt), SRS MFATOREL, C-S-H FEE/D, KW= MREHERZE WE S5b)rTELEH, 4 BESP i
RER 10%0, KIHIL T KERHORME C-S-H, HEMMKT 0E0G MM N'E%, HILXIR
JE A /2 BESP £5d Jitke J5 32 Bt sr CaO, CaO KRR, TERHHE 2 K] C-S-H W ¥, {3 C-S-H &t
RN, SBUKIERD KO 45 1 AR 15 BB .

MBS PTEAE H, 24 WGP HURE Y 10%8), FHECT 0E0G, KA =P A3 732, WERIE K
PR C-S-H, M s 1 iREE L aR RS . [ WGP (7K 4k 7= b S IR 1) C-S-H kL, 8
HHACN/INL, X — R R R AL BLIE SRR EGE TR 18 [29]. M 5(d)RTELE H, 24 BESP
WGP HURZE 58 10%8, KIPURYE C-S-H MR el, H _EmE KEMAKER AFt fib
B CH, Bik%s, 4520 W. W7 BESP Al WGP 51, BRI T K01 CH, M
i C-S-H S5k ==, =FMOdG, MMER ey, H 7N EFLR I GE 7o
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BHi. Zity LRk, 4iRKY]: BESP 5 WGP & & B FINtRK LA, T2 2 i) C-S-H 557K
WP, TB e AR . 2 WGP B REA T 20%I0F, AIE 5(e) il A Hh, KAL) C-S-H BHIL,
B 1, AN DUNREE, SSHMBCETERECT 10E10G B2, W ILEEE WGP S EKZHHE N,
TR S BUCEVEIZ BT S, AP D>, XIS S(H AT AT EE H, WfF 10E30G
WML THORIREE, R BT, BRENRITERNBA, SEEBEIEN LERE 2S5 KUK,
PREETER AR IR “HETERTRL 7 HI 859 5 i JE X (ITZ) Rk 45 7 -

Figure 5. Microscopic morphology of specimens after 28 days of hydration
B 5. kb 28 RIS SR

4. BESP 1 WGP =4 Rk (3 M EH IR

BESP 1 WGP X fa P Be TR Sk T OU S R PE R g 15 6 P BIPal DUE H, H AR EE KA
SN B R AR RE R — A5 (C3S) RIERR —45(CoS) /KA B, B2 A C-S-H B A A E A4S (CH); LA AR
TR =A5(C; AV KA R B, A BRAS TN AT (AFt BX AFm), BUAWFCER, TR EE T KAk U 8] 58 52 41 T+
FEJFERFE C-S-H #E, C-S-H Bl T nrsavhan, nl LR VREE L A /KRR, AFt 254 FLERES i
Ky IR S 1) 25 [ XRS5 44

BESP 4% /5 = B Rifh /& CaO, CaO I A<= E44M CH, I H & S EUREEL A A pH H
Thi, hnis CsS A CoS HIskAk, ik C-S-H B A1 CH (AR WGP 1) E BRI & Si0,, MBI E TR
CaO FRALHRIEIAEE, MEBHRY  SIOMEME, Mo JOLARPIEER; [FR, BEHH 1) Sio 5 E ek
CaO S5 A MHE L C-S-H B, TERL “45 - REVMFEIZN” , [FIE AT DA FEVREE L A 1) CH, I8/ CH ik
e FE AR AE, gk 288142 18] 6 HRT L H BESP Al WGP I T HBUNWRLAR, AT DUH AR 454
IFLBR: TRl R 5% - B s iR e L 2 AE KB C-S-H, I H %% WGP. BESP. AFt. AFm FI/K i
Ki, BATRSRE RN C-S-H KHARA TR TE—/T, AH LM m R v e L A R B s a5 4, B/
G LR
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Figure 6. Improvement of micro interface characteristics of high performance concrete by ESP and WGP

& 6. ESP #1 WGP =14 ER B LM A E 410 E

g5 LRk, BESP Il WGP X ey s Ve 1= RO THOW 45 44 X038 32 BB B BRI Ak 2 5 T s 4038y ThD B L
f&HT BESP M1 WGP wJ DL7E 437, AL A E LR tb i EE R T, BESP 5 A%
T WGP ' SiOs FK IR [ BER, KA IR, BEhNT C-S-H ERIS R, MHIRE NS
I IN 2R 5L,

5. &t

AR T 45 WGP, Hi45 BESP UL 55 WGP Al BESP =F# 530, #F7C 7 WGP Al BESP X 5%
TR ROV B . PUIS 9R AE FEE LR 5 DL K SEM OISR, S TAEERE. ot e Ao 25 443k
1TT7 508, 1937 LUF EE4 .

1) &) WGP 5 BESP B A BT & /K6, A 208% 7 HSC HISPHETE, PHEJZEE%E WGP Hil BESP
BRI s, YEEEE 39 mm~55 mm, i 10E30G RN BN %, #2517 41.03%.

2) WGP 8¢ BESP & 54 10%H, HSC (40 % 50 FE 1B R pihy 5 fE 15 2 23 ¢ & . 117 WGP F1 BESP
B9 10%I0F, Bk o B A B 2R R fE Bk B A, 4370 98.95 MPa Al 8.2 MPa, ##55 | 22.92%5
20.41%.

3) BESP Jiitht 7 WGP [k iR v, $ T /KJeRb 3K BLIY C-S-H i, 23 [ B8 (HHE 51 5o
a5, A USRI  4E i & R, 3 HL BESP Il WGP 7] LAE NIATEY), HFEEEMFLER, ot L w
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