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Abstract: A series of explosive thermal spalling tests at elevated temperature and compression tests after high

temperature were conducted on coir fiber reinforced ultra—high performance concrete (UHPC) by using an electric
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furnace in this study, aiming to shed light on the influence of the length and volume dosage of coir fiber on the fire
resistance of UHPC exposed to different high temperatures. The results indicate that incorporating 1% of coir fibers
with a length of 2 cm in UHPC can effectively suppress the high—temperature spalling. Microscope analysis reveals
that a tangential pore network is generated between coir fibers and UHPC matrix due to shrinkage , decomposition,
and carbonization of coir fibers at high temperature, which provides channels for the escape of internal water vapor
as well as improving the thermal spalling resistance of UHPC. At 200 °C, 400°C, 600 °C, and 800 “C, compressive
strength and elastic modulus of UHPC, incorporating 1% of coir fibers with 2 ¢m long, significantly decrease with an
increase in control temperature. Also, within the range of the control temperature, the ratio of the axial compressive
strength to the cubic compressive strength varies between 0.62 and 0.92. On the other hand, compressive strength
and elastic modulus decrease with the increasing volume dosage of coir fiber under the same control temperature,
and the ratio of uniaxial compressive strength and cubic compressive strength varies with control temperatures. In
terms of the improvement effect on fire resistance of UHPC, coir fiber is superior to steel fiber and is comparable to

jute and flax fibers. Based on the test data and the existing formula, a special formula is proposed for evaluating the

residual compressive strength of coir fiber reinforced UHPC exposed to high temperatures.

Key words: ultra—high performance concrete (UHPC) ; coir fiber; elevated temperature test ; explosive thermal

spalling ; compressive strength

A = PE BB IR #E L (ultra—high performance con-
crete, UHPC) J&— M @ MERER KR IEZ S 4 KL, B
o R e W e R P RE AL S
UHPC 75 R85 BEAF 2% | o J2 A 500 9B Al e
UM PU s 55 B 4 TR R AR B T A )T 1
FHPLAH L 5 R E 1, UHPC e A5 52 | £L B3
%, 7 il T S T AR ZE SE LN , B4 5 Rk
FRE, BT E AR R SRR L. R
Y, B b5 A ET 4E ] DL/ UHPC A Y T B2
B EE AR T 2% UHPC 2 T AR 2 4. A X
M5 8 A BEFHEXT T UHPC #9 ie i A 2
TR, T HEAL AR R 06 (PE) RN (PP) (R
LT (PVA) SE7 5 2T 44 S 0 T LA
75 UHPC SR R iR e fLIE , (3 T /K 28 R IR
A BRI, AT A RO il R 1 Kk
AL BRI SR ET 415 5 AT ke 4 5 UHPC
JAERE A IR, UHPC A A (235 38, L Wi b 2F
Y A 7 2 7 A R I U, R AT UHPC BBk
HEOH A S 2 O AT

R T 42 T P24 B AR EF 4, BAT B A AR
KRz BREIREEILS . B AR 4] LI 3L
WA K e BE R 0 T AU 4 o A, DRI T 7 i

TRBE L AL S RIS Z B, # DRI AE AT e 55
SRR HURR IR AT RS2 A5 A M T A
i AR i RAL , RERE TR BE LA A Y
JALIE , A F TR ZE SRR Y, DA TIT REA% Bl TR Bk 1
BT K PERE . LA W AT 452 31— BERIF 58 5 YOG
TE I IT R TR A 4t UHPC (A GRS, EE A
FERET 2 B RREF 4 %F UHPC i A8 M RE AN ) 2 P g
SR S5 T, ST I X A £ 4 UHPC AT
PERETT I 1402031 (AR SC R ARAT IR

B 21 2 S th BB 5E 283230 B NG S5 R 2R 7 1Y
— PR AT 4, AR S BT b X (LD el 96 19 ) 22 55 bk
AR 7, HG 7 R (LT A A R A B A S8
F AR AR IR ET 4, BR7e 21 Ak HAT 5 1 B it P 1
RE I 5 Tl BE T3, 30— P e LR S5 T 1
TAREE L, MIBRAILT HE12 A UHPC I T T A2
FAT, © A SCHRIE T BB 52 £F 4k UHPC J1 AP RE I
B () 26 URY (AR 7E £F 4 UHPC Bt K PERE 7 T
AIBFFE IR AL T 25 L BRI — T E X, ARSOT
THBSEET4E UHPC &l BT RS il Y )2
PEREIR G , W ABFELF 4 UHPC B R RHE T, DL AR5
24 UHPC A1 K I ) 2 A PERE DAL 5 i [ B3¢
SRt RERR PR .



BRI MR SE LT AR Sl R P RE

TREE PR MEREIX ST 55

I it

1.1 E#&e

UHPC J5 AR A B R - M R 7 P.O 52.5 3%

W AERRERAKYE s LS R K, LR TETFRA 18 600 m*/kg;

K7 40~70 B AJED s KD~ 325 HA T A K
JEF= MBI C T 980 5 987K 50 2R FH 3R FR 1R 288 vas 280 7K
FICky 7). 2Rl , UHPC AYEE MDA L K e « ik
TR R Ay A b R AR R =11:0.25: 0.1
:0.1:1.1:0.01, KB EL (W/B) 2k 0.18.

BB 7 21 4 Rt rg SC B A7, BAR M 21~63 wm,
BN 1.15~1.46 glem’, PLAPAL & 2.8~4.7 GPa, fir
iR BN 95~154 MPa. fB5¢ £F 4t skl Ay J5 R A 21 4
(ReFmAH) , FTUW N2 cm 4 cm A6 cm =
R BERUAS , W 1T
1.2 K&t

A BT PR RS 1, 55 211K 100 mm

—— |o im 2 3 4 Ca G
R

B 1 R f 2k
Fig.1 Coir fibers

957 5 IR AR SF 2 100 mmx 100 mm X300 mm fY
P pk A, B4 34K, 10 & H T UHPC & il
2400 DR e T ) ST O 5 S R R R
W, J5 # F T UHPC &5 38 5 00 00 40 5 B 0
PEBL A . 00 S E R e A 4R B e £ 4
R B &8 CF SRR &) AR . &4k n
RIS RO N FE 1.2 s 0 T B A 5 47 4k
1) UHPC i, Hoiw 4 FL AT < X280 (P o i i
1A, C ML ) -5 £F 4K B - e 4 45 1.
C2-1 Fm iz 4l 37 05 R A, BB 7 4F 4 0 K B
2 em, HBHEH 1%. AL, COE R ABIRFCLT 4k 4
L .

&1 UHPCIAFRA MRS H
Tab.1 Test parameters of UHPC cubes

5 YR/ v i 20 °C 200 °C 400 °C 600 °C 800 °C
cm ! S MPa D./%  flMP D,/%  fYMPa D /%  fiMPa D /%  fiMPa D /%
Co — — 151.6 0.0 172.6 — — — — — — —
€2-0.5 2 0.5 141.8 0.0 150.0 1.1 132.5 3.7 110.3 4.6 — —
2-1 2 1.0 138.6 0.0 141.7 15 128.1 4.6 104.4 5.5 53.6 5.8
C2-15 2 15 133.4 0.0 137.2 1.6 119.9 52 100.5 6.1 48.7 6.4
2-2 2 2.0 128.2 0.0 130.9 1.7 106.0 5.5 91.1 6.7 42.1 6.9
2-25 2 2.5 124.5 0.0 128.9 1.9 99.0 6.0 83.0 73 40.3 7.6
2-3 2 3.0 120.5 0.0 125.4 22 85.0 6.3 723 7.8 38.6 8.1
C4-1 4 1.0 135.3 0.0 137.2 1.1 125.1 49 101.0 7.2 48.9 75
C6-1 6 1.0 130.6 0.0 133.1 2.4 120.9 5.5 94.1 75 39.4 7.6
T2V, RS L ARG i 5L S iR BSOS 5 D, e TR ST 5 (A B i e %
%2 UHPCHEHEMEIRFRILSH
Tab.2 Test parameters of UHPC prisms
- YRS o 20°C 200 °C 400 °C 600 °C 800 °C
cm i SIMPa  E'/GPa  fXMPa  E'/GPa  fl/MPa  E!/GPa f!/MPa  E'/GPa fl/MPa  E'/GPa
P2-0.5 2 0.5 131.5 415 138.0 38.8 113.8 36.7 73.9 24.7 — —
P2-1 2 1.0 126.5 41.0 130.5 37.2 105.4 327 65.1 17.9 425 8.9
P2-1.5 2 15 121.7 40.6 126.2 36.3 100.2 30.4 59.6 15.2 38.1 8.2
p2-2 2 2.0 116.1 39.7 120.5 35.8 90.2 28.8 54.7 13.7 33.5 8.0
FE of 0 e RS Al T s 3 s T i S i S PR
1.3 X EHIME AN A WA —2F F i 7K B 3 min 5 IR 4%

FERUKSEHE 3 min; BT HAMBSELF 2, R HE 6 min
Ji HURE . UHPC FER) 5 AR, IEAEIR 30 & 4R sh Ak

UHPC R FH 5 RNl il PR L E AT HE . 55E,
B TS SRR RHE A PEHL T HE 6 min; )5 0
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Fig.4 Explosive thermal spalling phenomenon of coir fiber

UHPC cubes

(e)C2-1

B LA gERMAgER". o KRR SR HR
FE 250~300 “CR A5, 4R 4E Z AF 350~400 C A
A3frt R B A 2T 4k UHPC 32 55 15 f0 1oul e
SaE s Fron v LLE S 5 KA L &5
200 ‘CraiaAE R G , M5 £F 4 5 UHPC &4k 2 [a] 4
PR 5 Tl [ 11 5(b) |, 2 IR 25 4 1 v T 53 21
S . 2807 400 “Cril e G B2 2 4k N v
TSy e AL B R |, T LUR B SE 47 4 5 UHPC
AR Z [ BT WL D) 1) BRI 5 () ], 3X i UHPC
NHRZK ZE S A% F 0 T 3, FRAK T RS R A 2%
R, WA M H 7 UHPC &k FRB 24T k. &
J3 600 “C it /E G  BRFe£F d i — Wi 4 , £F 4 5
FLAR 2 [B] f) (B B A, T2 3 i+ 30 R S 170 1 7 R
LK S5(d) ). 22105 800 “CrriR ARG , MR e £F 4 5 4
fedb , FL 5 B4 2 [a] 9 [B] BR Al & B (2, H UHPC JE 4k
W IR RS, B[ 5(e) ], RSB B4
FIFHE UHPC HEAAR i il B AH 3% 38 i L8 B9, i
FEA PR A 287 . IRIRZ5 RO B L 1B A 1% B
FELYE (2 em) W] LA UHPC SRR 2L 4 19 R A
22 HRERERX

RIS Y T B R TR LR 2, B
XA RRL 3 IR S5 SR 0 346 . UHPC IR
5 I A O R 2K R F T R K R (D) e Ay i, B
o I A A 4% O S R IR R R 25 A L
5 NE 6(a) B . o] LAE B B0 5 45 2 e b
R 1 1 T R O — T L E 200 “CHiE
FEl N, UHPC P93 A ek K28 &, DT = A i 4
2 3 7 200~400 °CL N, UHPC 344 K Ak 7k /iR 45
158 0 104 W B /K 75 %, 2 T B0 UHPC Joi i 2k 11 32 22
SRR, H BT 458 2% 2R 04 3 KR FE B B v T 200 i
Fil A 5 7 400~600 °C3i Bl , K AL F= 4 Hh i A2 25
K BB DA R S SR A S B K o il 55, J& UHPC ™=
Az 45 2R 1Y LA 78 600~800 “CHEHINEE T,

(e)800 °C
B5 &i%JE M5 ¢ 4 UHPC LTS $
Fig.5 SEM images of UHPC specimens after high temperatures
T BR %5 2 1 ik, (45 UHPC (1990 4% 2 ik — 25 U
/N H B S A S R IR IR RN ith s T
% . MeAN, TEAR R A B i B R, UHPC /9 0Tt 461 2%
MR ST LT YR A5 5 5 i TG K, W 32O AR ST 4T 4
T A B Al B, 3K 55—y T EPIE T A
LA UHPC & iR A A HLEE
23 BREMIAGRIERE
25 AR A i RS B ST RPURR R EE () 8 TR
1, N7 5 A A0 it B 5 4 TR A9 AR OGP LA
EL6(h) gy i . Xt ik i co 2581, i T A& A e R
24,5 200 CrEn AR TS BOP0E SR BEAE . AR EL
TE IR, CO 4 il 5 T AR DU SR A — e R
$EE X IH 45T UHPC 28 )1 — IR 200 “CIY 3R 9
J& s P KA SR BN 7843, R X e e i s 2 Jre
PEPEVE IS X TR 52 21 4k UHPC IR , 4% 250
i I S R ST T R R R R R &
200 “CrEpiRAE RS P o B R A7 45 =, (EL Bl 25 92 ol
T B AR LT i, LA AT e o B S s AR e 5, &=
B PR UHPC N EB7K AL 7 400 8 1 0 A, 1545 il
it T Eies , SRR 8RN E 6(h)



58 PN S QRS )

2026 4F

ATLLE IR, 28 D AR ) s i AR S, UHPC 4T e 5
AT 7 27 4 45 2k A0 485 i B ARG, L DR R T BB SR < 1B
A WIRIB 52 2F 434 K T UHPC A v iy FL IR (&1 5
FiR ), A5 UHPC ST & 5L 14 Bl g 57 f 252
XA R IR S R A AL C2-1.C4-1
Heo-1 =R A a gk ER 25, H
25 17 S [ 45 i 30 R 1 S A 7 MR R i R AR 1k
WNE 6 () s, Her, F8 Avoi B R A ok Ak i B iR 1
FREE , B R 5 PR 5 5 IR T 0 5 B 11 He A
(Fr/f). S5 R, 45 4R = iR B i R b
HEBAIEA — B, (B P R 3 400 “CJR TR LF
YA R A , B HE 5 B AR B e R . —
B, RIRLF e, HoAE UHPC R4 P B 23 B i
Mh2s  ER S KA AL, 33 UHPC LIRS
i, TR B A R AR R R —
(0 25 F T, SR R X 8 2 A A6 5 £ 48 A R T D/
UHPC = i i 103 B 1R AR B

10
—m— (2-0.5
—o— (C2-1
g —a— c2-15 . 4
—v— (22 il —3
+ (2-25 . ¥
<« C2-3 &
6F i o
SN l/// P
S . 4
I —
W
2k 4
// 58
0 w‘/ , i . :
0 200 400 600 800
R C
(a) B
180
/i
—— oy
1zoi = e
& \&
£ 4 N
= 90¢r : RAN
Y —=— 0 —_ R\
o (205 B oo
60 —a— (2-1 N
—v— (C2-1.5 i
—— (22
07 e 2-25
b C2-3
0 1 1 1 1
0 200 400 600 800

PR B/ C
(b) A RIHRFE LT 4E15 2 1

T
Jallew

0.2

0'00 2(I)0 4(I)0 6(;0 8(I)()
Pl EE/ °C
(o) AN FEIHRFE LT i< 2 it
B 6 UHPC 7 hikIb 4 £

Fig.6 Test results of UHPC cubic specimens
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Tab.3 Comparison of compressive strength of UHPC with different fibers after high temperature
A frRn Wﬁi‘iif;nmx AEEG S B/ pm f:rg/igﬁﬁ%ﬂmii/cpa gk
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