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Abstract

In this study, colored engineered cementitious composites (C-ECC) were produced by incorporating
iron oxide pigments (red, yellow, green, and blue) into ECC. The effects of pigment type and dosage
(0%, 2%, 4%, 6%, 8% by weight of binder) on the mechanical properties of C-ECC were systemati-
cally investigated through axial compression tests and uniaxial tensile tests. The results show that
in the axial compression tests, the optimum dosage for both red and yellow iron oxide pigments is
6%, at which the compressive strength increases by 18.8% and 33.3%, respectively; at 8% dosage,
no further strength gain is observed. For green iron oxide, the highest compressive strength (33.80
MPa, a 16.8% increase) is achieved at 2% dosage. Blue iron oxide pigment significantly reduces
compressive strength, with the maximum reduction reaching 35.4% at 6% dosage, because the
phthalocyanine blue component hinders cement hydration and impairs fiber dispersion. In the uni-
axial tensile test, all C-ECC specimens exhibited multiple cracking and strain-hardening behavior.
Iron oxide red achieved the most pronounced increase in tensile strength at a content of 2%, rising
from 5.24 MPa to 7.17 MPa (a gain of 36.8%); strength declined at contents exceeding 4%. Iron ox-
ide yellow maintained stable ductility at contents < 4%, while higher contents led to strength dete-
rioration. Iron oxide blue reduced tensile strength even at a low content of 2% (a decrease of
12.0%). Iron oxide green yielded tensile properties comparable to those of the reference ECC at
contents < 4%. Overall, iron oxide red and iron oxide yellow can provide both color and acceptable
mechanical performance at a content of 6%; iron oxide green is recommended at low contents
(£2%); and iron oxide blue should be used with caution. These findings offer proportioning guid-
ance for the engineering application of colored ECC in architectural decoration.
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1. 5|

T AE K e 5k 2 A 1 RHEngineered Cementitious Composites, ECC) [ 35 [E 5 8 iR 2% Victor Li #2 i1
WA F PR DR, @R B R R R QIRBRELT 4E(PVA) SR M52 4E(PE) G 3, S23 T3
ZET5 /N 100 TICK M 2 88T 24T N, RN 3RS T MBI 3% by AR i M AR AL 2, 3% S iR T A& SeiR
LR A ZE B ERFA[1]-[3] HAR R IR RE IS BB SR, (EHAEPUR LM Mriie 5 55 e
Iz R[4

Ak, BMEESOERTMEINRRE, Ea@sMaiRR BRI A2 2R MEUK[5] &6, ERR
IEER Ik AMEEARTE R NORVER T 5 TR0t 7% I i [6]. ECC RAMR e etk i At Bk
KBTI RREI[7]-[9], H S HEJZRGSE RUF[10], fENAMERIGZRGEAERSE . CFFELLUFSERH
JEARE 5 Z VDR 56 4 B AT ] 46 1) PVA 2R 43558 ECC (PVA-DSECC), RFRH7 R4S rlik 2.451%, A
A RANHI R R Ay i ARG R R . SR, %4 ECC i LA FIACH F, AP, R, HEDL
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W R IR RN LM B 2 FEE 7SR [12].
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oAb B 01 A ST BT, R BRI R 545 8% ECC R M ARRR{L . 2 48 F 21T NI N St
— I HTHESE.

Nk, AWFRLLECC ANt %, B g NEBa . EALE . SRk, LIS DUR IR, Ak
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Figure 1. Particle size distribution of desert sand
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Table 1. PVA fiber performance indicators
7= 1. PVA A4 REIRHR

-4 PURLBEEE /MPa  $ 14535 5 /GPa H#/um K /mm R (glemd)  JALEEIC
PVA 1610 41 39 12 1.29 230

2.2. MEHECAEL
AARIG BT (8 FH ) TR K R SR B &M RL & LE W3R 2 B

Table 2. ECC mix ratio
= 2.ECCE ALt

KB WL PVA £F4ERFR 340
0.25 0.26 2%

2.3. b ERE R

WA E K bRt GB/T 50081-2019 (VRME WL J7 2= MERERIR T VEARME) RIS A F I A A AR
9 100 mm x 100 mm x 300 mm (&:2H 3 4>, AndEFRyr 28 d), HTMEHACHUERE . w50 H
SHT4106/100 t 214 H1 1 77 REAREGALBEAT I, RN R #hlnaor =, B2 € A 0.3 mm/min. X5
HUBC & 57 AL RS, ST SR AR R i for 20 - 0 i F s s L 14 2.

Displacement-
controlled loading

DH3820 Data Acquisition System

Loading device Loading process

diagram

Figure 2. Schematic of a uniaxial compression test
2. B EREREE

2.4. BHHRAE T

BB BRI AR A AT L bR JCIT 2461-2018 (a1 £ 4l 5t /K Ve 3 2 A4k 722 fE R
79 28T . RAARUEMEAL AR E, R~F 2 330 mm x 60 mm x 15 mm (5341 6 4>, FrifEFRy 28d). ML
BRI E SHT4106/100 t B F ] Al 77 BE AP RHR IS FdEAT Rifd, [FIRER FH AL il n a7 =0, Ik
HREEE N 0.3 mm/min. FEIRAEEEETH X 2225 5 HF I R AR . DL 20 Hz 1) R GURESR R0 5w
Ehifl5s, KGRI - RARMZ . o e R = B L 3.

*https://www.soujianzhu.cn/NormAndRules/NormContent.aspx?id=1572
https://std.samr.gov.cn/hb/search/stdHBDetailed?id=8B1827F257FABB19E05397BEOAOABA44A
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Extensiometer

Figure 3. Dumbbell-shaped specimen and uniaxial tensile test schematic
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min. [l e 3R KK AR IS EESL R RE 3 min, ZERCRFMERE R IIN PVA 214k, SRJFE4T5E
H, ERIRS G RN .. PRSI 24 h, WPHE SR TRy MR, %IR8 28 d. Wl
JRETEHRE 20°C £ 2°C MHXHEE A 95% + 2% IAEE T 7740 2 MRES 1.

3. RELEREIEE SR
3.1. &I EIRE

3.1.1. AR

4 v, IR mIE KR B A BHE A A R SR B AR A 2 R LRI, 1R B iR bE
E A, R HI 2 R an5esE, ARG I — %k R 3GE, R — A R R,
—ZERIIRIEE, EIREIEEA B, X2 T PVA S4E 5K 3RS BT AT i Bt
(BURE AT RS BE M ), AR SR AR E Y TR R AT AR LR AEOR G B B, 4 2R 4% D138 T Bt 7 [19]

T I K e 2 A MRS R R (Rt ECC) 5 IE % i i MK e 3 & & 4 BHECC) B A Al
PRI G BAT = B 0 — 3t . Bt ECC R 5 1EH ECC WARERN OS2 FARIEH, Iy k3R 1h G
B ARk, BE AT RGN 2 (7 2K V) 70%~80%N, W i35 H I 22 25 4l /N R 4%(FE 5 < 0.05 mm), HEIRI
BIRATIRE, FERERH SRR, A Sy LT 2 AR ) BOR B4R ORI R SE . (EAS [A) Ok M P R
4 ECC MR S AEAIfE s 4060 ECC i E R4S 2 /2 47 45 R, BT E il A im,
JE L F Bl 3~5 2k IR e 4 (I B £ 20~30 mm), TERK “ F544% - IR EREE” MR s Bt ECC il
FREE R 200 R R e, Ak S TE B R R AR, B B AR XU 2~3 0 UM EE(KE <
10 mm), 2JREBEH A0 W ECC il 2 I — 2k A fE A0 30° 1 32 54 4%, 1% - LG8 MR AR N P
HA A I B B, BOIRNE AR — FREEPUEY e St ECC il 4% /e 1n 45 45°
RHAZEM, TFEIREPATA 4~6 FRERGE, BN, TR “ 174 - IREREE” WIRRHE.

TR PVA e REAER], AN GO 65, I 24 m AR, Wl 4 Bos.
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Figure 4. Comparison of axial compression failure patterns of normal and colored ECC prismatic specimens
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Figure 5. Relationship between the compressive strength of colored ECC at the core and the gradient dosage of different

pigments
[E 5. ¥ & ECC #LmERE STRERMERHEIEE X R E
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FESMRT IEH ECC MeAiff, X2 TR IE T & AR I [20], BREIEAMSE SIS, AR
B M AR T TGP, SO REIRR Hh /K VR IR BEAS IR A S R, (R T8 T A Bk 06 (1 ECC P 3 B A1
FIE% ECC [21]. BHEFEMRAEEMBI RS B3N, PUEMRERIRHIR S, A LBRamEe
BEN 2%. 4%. 6%. 8%, HAEILERL  ECC KIS LIRS 2 e E 7 5.7%. 11.6%. 18.8%-
18.8%; MAMLEIEFRNB BN 2%, 4%. 6%. 8%I, HA Lkt ECC Ml O Pi kR o Bk E T
23.5%. 19.5%. 33.3%. 32.1%; H R [EHRTt—J7 12 UM AR 5 E A BRI RLAR AR KB BE /D,
REMR PR K& K, SEUKBSEGIRN 57— 7 T AR I 2 — E A R N, /N R e R AR B
MIFLBRZE, $ VR LA B 3 S . Ml A5 BURHS & 21 8%, 58 AL B 42T+, BUklxF ECC 1 PVA
AUErP o BT LRIE RGN, HISSLF4E B S ESETIER . BBt ECC AR AL S S A Bk B Bk}
BAEB RN 6% AT X FUIN T AR BRI ECC T 5, MHBUEHE &N 2%, 4%. 6% 8%l ,
HAAL RS0 ECC RSO PS589 I3 5 T 16.8%. 15.7%. —11.2%. 2.9%, ¥R ECC (R4 Lk
SOPRHRAEB BN 2% A, M R RREE i T ARG ERE, T AR B R B oK e s, (RS T
FALERIE . AR BEARRS, XA HU RS ETEMRAER . BEEB RN, 7880 1 ARAE
JEV RN AR £ 445 43 B3 P 30 00/ PR R EL IR o (B dn SR TR rp B R o 2 1) R G RSB ) B T B 8% 43
aEiksE, B ECC iz,

P AR BUR, KB NEPURREE TR, S8 ERIEMEUEHE BN 2%, 4%. 6%. 8%k, FH4H
PR S 4 ECC (b oIS 38 FE 23 B BAAIK 2.7%. 26.2%. 35.4%. 25.5%; — J T+ [N A A0 Bk 05 A 5 (ki
BRR, SAFKIEERL, FHAT T KJRIAKIER; 5—Jim TSR L, TR
LB AR, FEIS PVA 4-4E455] 5B

3.2. A

3.2.1. WIBMKR I

Kt ECC 3RHF ECC A5 1) R AF AE 1 AN 22 45 I et . BB WU e o f i Rt o, m A 3]
SRRSO BT R L R, B ) A 2 AN s Mt e B B N i, A B R
— AR EBUR R A B, T LA SR B R A AT R R A BB, W 6 BRI R far 2
N, SRR AR AN k.

HE 6 7T, FrE M R 2 88 FFRUFME, IX & ECC MRIE TR /124 i SR R . 2t
PR, ST A e E R R AR b il i, S — - AE BOE R Re, A 2 SR AR SR AR AR e
I, 754 ECC “OyNARTEIL” Jr “ 248 IF4L” [FRHAL, (RBL T MPRMIL T 02288 0 BhE 11 SHRiTE.

CLE R PR A IR AR TP ARRAE, 0 XA R R W T HAR R AU, BT AR % (4.8
glemd) &3 Tk R Rk (%) 3.1 g/cmd), H ILHER RERTE 44K 27(0.2~1.5 pm), HEMZL (4R E AL LD 5N
G, EEESESHE RS SUIRE, MUK RS BRI RVEEET) 5 A5, TERJREEEX, R
SR IX B X I A I

TR LGS YT A i, AR RIEEFEALRRE .. Y15 b 2 TR 2 AT IRERR
SEKE), MR R BATIRBURIE , FURLK 5 5 B 77 ) J& A mT e o2 51 R JR B I T e, 3 A R 5% vl
BUEZ PR INTE AR “ IR BB, IR A KR AE R AT

WSS E D, (HPASETE RS K T I M A . MR B T R A B AR R M K TR IR 8 R Ak 2
EVEE, JVFAS SRR, HAAMBRIEEURHE T vk, WP ) B KD, TS 80T HE A K
WHEE), JHERET XD, HAAKS AR, HaEii A .

SRR A 5T R PRV R M IR T, RAEBEARN IR 2 o X AT S BT A A Bk AR ERTOR )
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Figure 6. Cracks in normal ECC dumbbell specimens and colored ECC specimen sections
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Figure 7. Red iron oxide
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Figure 8. Yellow iron oxide
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Figure 9. Ferric ferrocyanide
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Figure 10. Ferrous oxide green
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Figure 11. Relationship between the uniaxial tensile strength of colored ECC and the corresponding gradient content of dif-
ferent pigments
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&A%, WL E R SR — 2K RE 115 8B &I, M /)83 M BN ARRE (b B4, e
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il 2R A N 7K B AR LI S AT i o Le 3 5% RT A BB T B e R 45 B T Rt B A 88 S M e AR AR
BRI AR Y - SRR SR 2 A, BUEREEHIAE ST RN FIE TR, BRI RCR IR, MBI RAR
TEEAk. i 77 DAL T 52 380 1 55

AR BURL R HORAR K, BIURMBURL Hh A7 R AL 2 RHRL, TEVREE L P FERT 55 5N 1) PVA £F 44
AR — RS, TR E RN A S, B DURHS B 03 TR T PR, LRI K.
9 AT, 2%35 B B ECC R HUUEAE N 1 5 % IR AL, AR AL B B i 26 5 3 R A G & vy o 3
B 2% RIS RSB NG, R BIAMRL N B4 0, SF4ERe A e ds, 28T RN R i .
BEE 11 R ER, SBARFRTE S BARE TR ECC MR ifE, PiiskEm S R, pEE
BREEIN, 55 F#% 12.0%, 13.5%, 19.3%, 29.6%. LiRSHTAIA, AALBRIES N 2%, Hpidisk
JEE AR R U5 B 36 3 TR B s I R oK

ARG G RLAR KRR, AR R TR ERIEIURL, BT K I EE S AN K, 45 AR X 47 48 4y
HUE BRI AN K, (HBE 15 B 03 N2 Lk b o B2 IS 14 10 B, BT il w4 B 2 kv BT,
AN B SR B B AR R (BB ) 22 e i)y, U S R SR BURLHB AR I8 3 2% ECC WA FR LI
TEN RN 5 2 S8 TF R B, AR GHS & B 552 ECC T RE. 2%B B St mE— 5, #EIHMAT
PARTEAGAFAE, BB S AS G B) E T, R BURHE AR BRI FIFE A o 4%5 8 T NARRE LRI
WA BESR, VEAE R, HEMIVR T EIURLE A A B A S FE B TR 45 . 6% 8% 155 N UAH . /)
ERAC, SRR BN S PR R, 2 ST R R, MR A i RAR T, A T B0k A1 R
SR RN e S S TS . g5 A1 11 et taH i s PR R R, KB E (0%, 2%. 4%)4E
FRRIFACE, =B E4(6%. 8%)FREEE T FHURERE /) SRR, MR,

4, &g
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(1) VUFh C-ECC 7E R Z A EA L5 HUE ECC —8, ¥R LT, FRE TG R R
HERTE BE R K2R A MR A AIE o BURIRZ 535 0l o 7 P 5 L IR MU G = AL BR A 5 AL
RBOE I SRR S S PR BOK I UL BT 9%, S4B BN 6%, LI ST SR 725327t 18.8% 5
33.3%, 8%15 B SRR — I, EABRERAE RIS B (2%) I IR T2 T 16.8%, 5 & (6%) M LT
B SRR AT 8K 5 S 2 70 P KR /KA I F AT 4 3 k. AR5 5 6% 5 P [ 5 K (1% 35.4%)
I, 2. HERIEERBET 6%/, SPREIB(<2%), EHRFEEMEA.
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