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Abstract: To investigate the influence of long-term loading on the post-reinforcement performance of
pier columns, 20 axial compression specimens were designed with varying long-term load ratios and
section reinforcement configurations. A prestressed long-term loading device was employed to apply
sustained axial compression to concrete-filled steel tube (CFST) specimens, and the evolution of
strain and deformation was monitored. The specimens were subsequently reinforced by encasing ultra-
high performance concrete (UHPC) to form composite pier columns, which were then tested under
ultimate axial compression. The effects of long-term loading on failure modes and mechanical
behavior were systematically analyzed. A finite element model incorporating core concrete shrinkage
and creep was established, and parametric studies were conducted to evaluate the influence of
sectional parameters on reinforcement efficiency. Based on experimental and numerical results, a
predictive formula for the ultimate axial bearing capacity of UHPC-reinforced CFST pier columns
accounting for long-term loading effects was proposed. The results indicate that under low long-term
load ratios, splitting failure occurs at the ends of the reinforced layer, whereas under high ratios,
crushing failure predominates at the mid-height section. Long-term loading induces additional load
transfer to the steel tube due to concrete shrinkage and creep, leading to local deformation at the
column base and increased mid-span deflection, which impairs deformation compatibility and reduces
reinforcement effectiveness. The reinforcement ratio of the encased layer and the long-term load ratio
significantly influence the ultimate capacity. A moderate long-term load ratio can moderately improve
the mechanical response, while the inclusion of reinforcement in the UHPC layer effectively mitigates
the adverse effects of long-term loading, limiting the capacity reduction coefficient to within 10%. A
reinforcement ratio exceeding 1% is recommended for practical applications. The proposed formula
offers a reliable reference for the design of CFST member reinforcements under long-term loading.
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UHPC; long-term load; confinement effect

Publication history: Received 2025-04-03; Received in revised form 2025-05-14; Accepted 2025-08-22
Funding: University Industry-study-research Cooperation Project of Fujian Province Science and
Technology Department (2024Y4013) ; Science and Technology Plan Project of Housing and Urban-
rural Construction Industry of Fujian Province (2022-K-083, 2023-K-65, 2023-K-96) ; National
College Students Innovation and Entrepreneurship Training Project (202410386018)

* Corresponding author: CHEN Yu, professor, PhD, E-mail: yuchen@bjut. edu. cn.

2026

0 3]

M IR B 1+ 45 # (Concrete-filled Steel Tube,
CFSTOEAG AR MERE = A2 TE HE T 58 BU 8 1 RE AL
S it T R AR A TV N TR B M R A
Pty e AR i A A R A B ) R
1R RURE AT [ B, AT 45 0 © E A ZE 48 i [ S i
o ANAETR Bk A5 A 1Y RN [ 5 v A4S S A £ 4
A BRI A A A R A R
7 s P Bk IR %+ (Ultra-high Performance
Concrete, UHPC)EL A7 8 15 5 & A1 RL 4 10 iR AP
TE AT AR A G R 2 B B e i 4 TR | g

JE B G M RO B, BB A AN 4 K I iR A
PEfE. R UHPC XK W17 245 H F 9 CEST BUA:
EAT Y R AR TR [ 0 B YR T v [ B R A i
Jiti £ 1 T 55 R R 0 R T oK O v [ SR
Vit A 15 B I 885 B A, AT R A SR SR A 20 i
40 SOAEACHT & 1, ty T 24 I A4 5307 1 5 AT LTS
A TR, N2 58 30 3 i 3 K 25 0 & A A B AR
SR AR 22 B A I R 46 A 17 A R AR A KU
@UHPC AR L B A1 7 2 Pk fig A M T4
£, 5 B A T A8 PR IR BOE TR B A B0k
B HE BB B TR ) RE L TR I A T
F 5% 26 WA R I UHPC Jin [ 4 35 32 3 7 #1224 1k



% 7

FUSCM L 5 4h 6 UHPC 4 B K B4 HAE A T CFST A 4h R ) 4R 83

RE RN, 24409 /5 M 5 UHPC b7 52 77 i) BE T 4 4
2 i [ PR RO

TR BE 1 55 48 78 A A5 91 N A 30 ey 2R 094 T 57
AR AR AR TR AR T A R K i
(18 100 7 28 2 6P A 12 R 3 1 BB s AN R RZ e . A I
A2 s XTIR & L AR AR L P R SR Sz 6
LA E RS A W T IR EE LR AT ST {4
EC2 R AT ACT-209 B2 1 45 i ool 4511053 3 ot
TR AR BRI PEAT 46 115 2 T3 T 89 - TR 41 A 0 1 p
BAEH NN I Tk R RS R A A
PRTE K for 20 0E R 19 32 1 Ve RE I 98 3558 T LAl
BAB L0 T CEST 76 KW A 8 0E 1 F 052 1 ik
RE S 2 DR 0 A7 21 FH 1 B 52 T A A2 i 28K -
AR il 2k e ik 3K, 2 5T K TR K 3 ey 2 % ) 1 i R
TR 7 4 5 i T RE /Nt T BERE N s Ma 2500 % 1E
KW r 8k 1/ 89 CEST & A M0k k47 THFSE , i T
A TR B A R R 1 Bl 1) 7 2 0 K, K 0 o 4R AR R
A1 T B - () 2 36 AH 55 P9 B A% O TR BE £ T K5 Zhao
TR Y R B K AT R 1 R A TR 5 R
HRERSIAT 1 Y0~4 % W /IR B 3w 5 ot o 1 250
T o AR U107 288 6l 2L A v 1 4 A R 2R A T A
SEPEJE AR, ol T X IR BE A AE T A A AR
B AR 25 7 4 0, 7 YR B o R L v £ i KK ) oy 2%
Xt A2 (0 5 0 5 25 018 384 o 00 2 o K 0 i 28K 5 g
Wl 55 5 22 /N IF U A S A 30T A A 4 A A8 S
TS RE B RN, BRI T IR A A TR O e R A N )
W B R 5 7R AR A7 5 1 SO A o A A YR
FERE T 2 8w N T 5 R AR B RS OE T Re 5T 5 98 B
5 i X FRP -1 BE 4 -4 UURE 250 FE I 98 & 0,
TR BE K W R AR AR N AR 5 0 AT L SR O R
Wang 4538 i 2800 5 32 1 T % R AR ) R )
FE B 17 20 4E I J5 P9 B B CFST A 3 B 48 b 11
. B SRS EE KW B AE AT
CEST M S35 B, & 4K K 41 L A 10 fof 28 10
S R T I M BB Y 3 DN E R A A 5T 0 K
T L R Z B ETE 0.6 M LR, BLEEA W K HE IR
I8 A BIORE A R 0 i 2R AR S B m [ R A Y

YT R A A S BT, FF R UHPC I & K 39 o 2%
YERT CFST 8k 09 i e M RE DT 98 A W) S8 0 T A2 38
o A SCHFSE UHPC N FEHS 3 fr 200F R CEST 1,
FERY T2 Re , B R X R SR A7 4 R A i o 5
9 e A K S i 48 G A A R R R
2 ), DT S BPE 8 o 15 5 22 0N 6 2800 H 9 .
A SO S X B A TR A B0 3R T R K R o 2k

WIS, R 5 R F Ah L UHPC X K 3 47 2% 1 R i
CEST bk A7 47 I 1 i [, 92 i A6 8 & 1 B
TR BE -4 IR BE 4 4 A B (Concrete-filled Steel
Tube Pier Reinforced by Encased Ultra-high
Performance Concrete, UC-CFST) , 1 %I Jin [& 5 %
A A B P AR B o 2%, 3 o 35 A ) [ 4 =X
A S0 er 28 LE 25 280, D98 S UHPC B9 B350
A R IC T I RSB B XA (R Jon 2R EE
UHPC 38 i i 2 i f % KA LSS58
P 1 2 VR RE IR AT I 5T, e R B A I SR VS L BT A %
B 0T AT 8052 T 1) 48 1E FR A, B2 1 UHPC T 3
1o #AE UG CF ST B0k (14 4% BR 7 28 77 10 28 =X
1 HEER
1.1 RHFEt

P LB T 20 M0 4346 84 CEST i Fil
124~ UC-CEST i1, 5% 4 30 i 48 L 6k AN [v] 48 1
T B i S AR RE R A S B B A 1
3 AR R S T 4S8 SUC 1R 22 i [ 5 20 4 i K
EJTE R AR A UHPC N ; SUCR AR [ f5
A B R O 5B SR T & IS 9 UHPC i
SCEST X 2 fm [ x5 4 o 48 1R & 1 Bkt
CCFST R 3% i [ % 5 o B 4 480 TR B8 1 380kE 5 7% 5
Lr0. 3 /R KWk b o~ 0. 30, K W 28 L L, A9 3T
Ny Ri )

Lzﬂi @)
P,

2N, A N E R b K Y E T 3 P, o A
TR R O 0 32 R B T

HRE T8 R BOE SR A TR for 2 LU AR R
PRI A A BIR AR 28 0 A Bl o 28 K 300 i 28 A P 3l A A R
R B T 0 AR B2 B (8 AR R e 2 S U
REIIRTE . AR OIS TR B+ 25 B AR E) (GB
50936—2014) By 223K, XF 52 He i 19 CEST M F, B
T2 A AN A SR 5 RE TR 22 L b/ TUR R H ) AN K
F 135(235/£.), M B 8 H &R AR ROk F
60/ 235/ . s Xt 3225 A F A9 CFST ¥ 44 , [BHE # 1 45
JE LR R T 177 (235/f., ), 0 T A T 42 B2 LR 37
T 135,/235/fu . fu 0 R JE MR SR . A SCHY
SCEST # i 5 4 120 mm X 120 mm, CCFST ##
O A2 120 mm, JEE B E N 3 mm, B JE R
40, ¥I/NF 32 AN 3Z2 SR BRAE 220K o Bl an 8l 1
FEom , BORE 3 1F w85 B g 360 mm, 420 VR BB 4 o 3 4



84 X @ & B o &2 F R 2026 4
F1 KERITSHERMLER
Table 1 Design parameters and test results of specimens
N Jon T iy 48 1 o I ) A 19 ] e BR7R 277/ %JI{BJIJJ;‘%{ —_— mﬁﬁ%ﬁﬁ

Rt /mm K /mm faf 4% Ho kN (kN-mm ") RE/ %
SCFST-L10.0 M 120 0.0 911.6 387.5 3.2 0.0
SCFST-L10. 3 k120 0.3 897. 4 390.0 2.5 1.6
SCFST-L10. 5 KR 120 0.5 836.4 388.7 2.8 8.2
SCFST-L10. 7 k120 0.7 819. 2 389.1 3.1 10. 1
SUC-SCFST-Lr0.0 MR 120 160 0.0 2195.2 590. 8 1.2 0.0
SUC-SCFST-Lr0. 3 k120 160 0.3 2314.6 425.4 1.1 —5.4
SUC-SCFST-Lr0. 5 KR 120 160 0.5 1935.2 355.0 1.3 11.8
SUC-SCFST-Lr0. 7 R 120 160 0.7 981.8 304.0 1.8 55.3
SUCR-SCFST-Lr0. 0 MR 120 160 0.0 2305.2 582.3 1.3 0.0
SUCR-SCFST-Lr0. 3 R 120 160 0.3 2341.6 467.9 1.2 —1.6
SUCR-SCFST-Lr0. 5 MR 120 160 0.5 2290.6 446.1 1.1 0.6
SUCR-SCFST-Lr0. 7 KR 120 160 0.7 2216.2 433.2 0.9 3.9
CCFST-Lr0.0 FAEH 120 0.0 867. 2 188. 1 1.8 0.0
CCFST-Lr0. 3 AR 120 0.3 825.9 187.6 1.6 4.8
CCFST-Lr0.5 AR 120 0.5 789.3 185.6 1.6 9.0
CCFST-Lr0.7 FA2H 120 0.7 727.7 178.0 2.4 16.1
SUC-CCFST-Lr0.0 48K 120 160 0.0 2 360. 2 629.9 1.1 0.0
SUC-CCFST-Lr0. 3 kA2 H 120 160 0.3 2304.6 546.2 0.8 2.4
SUC-CCFST-Lr0. 5 484 120 160 0.5 1646.8 475.2 1.1 30.2
SUC-CCFST-Lr0. 7 A2 H 120 160 0.7 973.0 386.8 1.9 58.8

~sE < = FE ) 80%, W A R U7 1 B A1 A B 3 )23 . SUCR-

- M. 4 SCEST &4, fifi /i A\ % FH H A% 2 mm F1 4 mm

AN 22 AR o AR B IR BE 4 45 4 1k 38 7 vk A )

= T 1 (GB/T 50152—2012) , 5k F /N B A% 14 5 ] 4K 22 455 400

L . ] D25 o 0K AR A L O ok AR

l g . I B 5 A A 5 S A A — B 3 g

(a) SuC- (b) SUCR- (c) | SuUC- (d) CFST ARG ACT 318-19 Fu i 4 KA ALl 6 A

SCFST SCFST CCFST A7 23, MR O A8 TR B HE R BRI ) (GB 50923—

B ARk

Fig. 1 Pier column specimens
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Fig. 2 Long-term loading application devices
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Fig. 3 Longitudinal strain versus time curves under long-term load
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2 REERSH

2.1 FFER

AR IR N B 7 B o BE A o7 2R 1
I, CEST 2t (4 50 8 oty 35 HH B0 Jmy 38 A4 T I Bl 45 fr 2
S8 o ke e P, 4 A 30 0 A ey 2 0 S 2 R
R Ry et ol A A PR 2L %o A 2R K B 7 2 T Y
UC-CFST i {4, >4 far 4238 in 21 4 BR 7K % 7 1 85 %0

SCFST Lr0.0 Lr0.3 Lr0.5 Lr0.7
(a) SUC-SCFST

1:0.3 Li0.5 Lr0.7
(b) SUCR-SCFST

-"iL’L \il,\ 5
PRSI Y

CCFST Lr0.0 1r0.3 Lr0.5 LrO.
(c) SUC-CCFST
BT PERRRE AT He
Fig. 7 Comparison of failure modes of specimens

FEAT I a0 AR 2R E B M TAERAS , UHPC i
[ J22 i 35 % T RN ) K L B far 2R3, UC-
CFST 3 4 7 %l e W BE 7R 48 0 Vsl F B, A
UHPC il [& 2 24 48 2 @i inig Bl Ty e, & 2
AT v S ARG IR o A Eb A0 A e VR BE B CFST
R hd UHPC B9 CEST iR F i T P4 340 2F 4 1
Bk /e, O oK H B0 B 0 ) RV B 4 o 0 A R4
R UC-CFST 8UkE 2 B H AN [ (1) %l i 3R A5
3, 2 B R b A T o 2 AR LR R
LR, 2 e R R ek E MY
UHPC 3% 7 M\ v 318 B 2408 R 5 S A v e Tt RS
2.2 TAH-(IHmML

253 1 i 2 -l e (0 B i R AN R 8 BT LA
WA AR, PRy Sl . i BT 8 Cad B () JIF
/R, CFST i A 78 Jin 485k B W J5 Bl 25 il 1o Jin 2407
B 1 ey 2 22 18 T B L AR 4800 R B B BOs R T H %
KA 1 7R Z0RE ), R N SEPE B IR AR AE o A 8Co)
J 7R, UC-CFST 8 iy $8 far 48 -7 8% it 4 ml 53y
AW B AL HE P B B L 5500 B B IR Y BT
BB B N ER Y ) 1 B B B A 28 -0 A% i 2k R R
R | B G TN 422 3 W {8 for 2, /AL UHPC R T 4R



% 78 FUM 5 o & UHPC 4 B K B0 47 8 AF A F CFST 3tk 4 & 7 5 M 4k 87
1200 1000 P
WA A5,
1000 - |
800 3 N\ BERBEL
800 oos 00 = Bt
_L:0.0( % z .0(448) 15 AR T
/; SCFST-Lr0.5(i45) 400 | 74 5(15%) \
400 /] -~ -SCFST-Lr0.7(X ) 4 TGRS SN e
o SCESTLOOTRLE O
w /o meiE B4
y/ - . Jo T, MM T B
 SCFST-L0.7(41 fT) |  CCFST-Li0.7(f7 HOT) PAYERT B
0 2 4 6 8 10 0 2 4 6 8 10 ~
A/mm A/mm 0 A
(a) SCFST (b) CCFST (c) farg - ih 4k & R i =t
——— SCFST-L10.0(i& %
—— SUC-CCFST- mo@tyf@;
o . o - SUC-CCFST-Li0.3(1X %
——SCFST-L10.0(%) - S%E%T_SLC“F)'SOT(TILKI%% e SUC-CCFST L0 )
79UC SCFST-Lr0.0(2056) - -~ SUCR-SCFST-1.0.3 ﬁi«%} - - SUC-CCFST-Lt0.7(i84)
-SUC-SCFST-Lr0.3( iﬂ{j) SUCR-SCFST-LiOS(GA®) SUC-CCFST-110.3
2500 SUC-SCFST-Lr0.5( %) 5 500 -~ - SUCR-SCFST-Li0.7(i{#) 2500 (FBRIT)
7.~ SUC-SCFST-L:0.7(i%%) SUC-CCFST-L10.5
\ [ AT
2000 2000 2000 - 2 N (SUC-CEI)TST-IJOJ
(FBRIT)
1500 - 1500 > 1500 - R\~ SUC-CCFST-L:0.0
z z = T (FFRIT)
% ) & 1 Tl
1000y e e 10000 A e 1000 Jr
SUC-SCFST-Lr0.3(F F J5) ——SUCR-SCFST-Li0. O(ﬁfiﬁm) TS R
500 /) SUC-SCFST-Lr0.5(# fRIT) s00- /7 SUCR-SCFST-Lr0.3(A BRJT) 500+ /i
g -~ SUC-SCFST-Lr0.7(4 [RIT) SUCR-SCFST-Lr0.5(# FRJT)
_— SUC-SCFST-Li0.0(f1 fiT) _ SUCR-SCFST-Lr0.7(47 Bitt) / ‘ ‘ ‘ ‘ ‘
0 3 6 9 12 s 0 3 6 9 12 0 3 6 9 12 15
A/mm A/mm A/mm
(d) SUC-SCFST (e) SUCR-SCFST (f) SUC-CCFST

%8

AN T K A7 A8 L 28 P 28 -l 1 2 % ol 2k 0 2 2R AN DL 45 2R

Fig. 8 Test results and simulated results of load-axial displacement curves under different long-term loading ratios
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JZ A 1 A A e 5t TN 3, 30 0 AR T T R P
S Y A AT A 07 A, 3 B 04 A AT A
UHPC Jin [# )2 (4 I A8 & J A8 B A BT T R o

ZEA T HT AT AL, BT R AT B AR BN R
0 DX BB IR A Bk 2R R JE il R o A
T 2 (B0 P 4, W A AR Ak, e vk 4k 2 A 404 1 A
B I 2R 2 K 0 2 AR R e w9147
AbF B B B, S SO A PR N 2 B P 5 A A
TR BB 1% 7 A8 B R AS R ANObE AR R T DA% T
HMIL UHPC A8 & JR e, S 30m [ 233 B, N
IS AZ 0 DX 1 9 B8 R A 40 ) D i ¢ o A 12 ) 7 3
e 1. 240 & 2 B, UHPC 54048 2 ] i 78 &
PR B AR R O 32 R AR AE AN B B TR 5
BV 5Z 7, e T A I B S SO R ) 4R
R R R IR

3 BARTHH

3.1 BRTER
3.1.1 #MHAM

K H ABAQUS # 57 UC-CFST #7419 A BR ot
AL SR FH 25 1 i B) R0 1Y) = 24 8 A P R A A 1 K
W IEH FRORE AW, IJIFRHFREF
(UMAT) T8 Rk A #5804 1 7T LU R, A G S
Bk B 2% CEk[33] . [34 ], BAL BAR R IA N

doy(1)= 3{/151«(1‘) - j; di(t—1,) aeggo) df(>:| +
! aE;J(Z())
ZGsij([)_Jlo Sl’z(t_ f()) ot d¢, 2)
A:E(t())*26([0)/[1+§0max(10)} 3
G:G([O)/[1+§Dmax([()):| 4



90 X @ iE

WO B ¥ R

2026

(1) =—{00u(1)/[1+ o)} E (1) —
2G (1) ]e (5

¢:(1)=—2{ g 1) /[1+ go1) ]} G (1)e ™ (6)
A sz IR BE A 0 S 1 5 2 SRy 1 1 far 2R FH B ]
O t0) WRAELAG B0, SIREEIE T 0 far 15 3 IR
PR MRS ME R RS &R EE
e MR YESCHER (3518 0. 95 G F1E 4y 9l M IR B 1+ 87 47
AL B R S B () R a(2) 43 B Sy R B D R
ew(£) FBTUII AL () % 7 BRI AL 3th b 500
e RR Jn 28 B BE AR A% O TR BT 4 AS ) R FH 98 M 31 i
PRSI AT AR UL, 5 1 2 B8 il R 1% 2 300 s 284
TR BE R - e R ORI AT IE , BAK B IE
IriE AL & 2 ABE , B A i 4 1k 748 %508 X TR 5 1
S TG L A5 W AU N - N AR AR ) AR K A
T , 1% 7 iEAE AR I r 20 R 4 & F 1 Fa
FE AR BT 0 WO R C A Z Y
RN EE L 5] A M 4E A R BT RS IR
e WAF e Rk T
e:[lega(Z,z‘o)}eeresh (D)

(t— 1) guul0)
10+(t—12)""
% W 1Y AR e MR SCHR (26 1B 5. 36 X 10 #5148

A28 o (1,1,) 5% L EHE ACI 209 AT R .

T2 R B Ry T 20 M 2% T AT RE S e VR EE AR
B A TTUREPE | U0 5 47 R B0 A X B AR R A& IE

UHPC iy 58l 52 Fe W T -0 48 6 R ik 2 2% 3C
k[ 38145 i B A W LAY |22 BE AUy A [ 2 3 ) 12 N
HFEA RIT ot , BA B4 nH RS B2, B stk
B R AR A R F

E,

o(1,1)= )

n—— 9
f=— (10)
€uc
fulne—¢*) .
s 1T (n=2)¢ (1D
o ME o
20e—17+¢

K i 02 UHPC JE B ) 5/, 2 UHPC 5% i s 54
JESE N MR E O I (H s A I BN R BEE e, R
e EN RN

6T UHPC B 32 500 7 - Ry A8 A8 48 14 F

FE R X A /D, 7 S0 1R B Hassan 25848 Y i 7 b 465
A AE R Z A R R R VR A UHPC iR e £F 4k 5 1w &
AR SCHHAT , BT A R oG 20 A B AT 5 A 1T A40KG 1
LEW T BIE S/ Il
Ful(1.092 4 0. 8227 — 0. 912%) +<1
o — f;n-r (12)
x>1
5.5(xr— 1)+ 2

r=— (13)

Eut
X/, 8 UHPC S 3738 1 56, 9 UHPC WA 7
A%

UHPC 5 % 32 J&. % $ it 07 B+ M 4
Supartono"* # i i A ft 2 M UL ATl A T
LR E ARy =) R IR FE L TR RiIzh 1y
FEHL, W3 2 SO, )z 0 TR BE AR AR
/N W/ (1Y

D=1— é (14)
A DN UHPCH#I AT

A TN 7357 I I g -0 AR O R R
E.e 0<<e<e
£+ 0.001E(e—¢,) e <e<e,

AP E AR S AR A 5 f, O e R SR E 5 e, Ry JeE IR N
A S W BB e, SRR N AR
3.1.2 MR BALR LMt

B 12 R A BR e B A A% 0 TR BE R BT R
UHPC il [# J2 2R H C3D8R SE K B u k45 840, 45
K F SAR 76 B o iE AT LR, Jin 2% 3 A SR A R3D4 NI
PE B TTHEAT AL, 0 [ 2 59 737 I SR FH A7 48 B T S 4
HNE T UHPC . Bt iREE -8, i 2 i %
TR -5M A8, 2H G A -l 24 i Al At 1D =2 i) 4 SR T - e 4
flABE L, 1 4R T 1) R SCOM B i, A R R 0
IR Ty ] 2R FH P PR 452 4 ik, 809 5 268 o Al (R A
2 [ JRE 82 DRV BCH 0. 3, 4 5 TR BB = 2 ] g 28 48 DR 50 BR
0.6 A KA 57 2 W% AN 5 IR+ Rm>
[ 1) 5 B PR BE X CF ST 45 1 1) % 1A 52 77 1 6B 52 i A
KU ELANEE S0 3 AT 000 JE T T DR A e
R oA 25 BB 0 ar 2 A FH 5 1 Ak ) 9 7 5 TR O 1 =2 )
R g VERE IR Ik . 7E S AR LA ot 57 2% T4
W5 R AR A T Y S AT RS A, T AR S
AT A sh G g B R, AR S5 AT
Rl 1) 30 A ER B Il e e . AESE 14
Bt 25 vl s S AR 1 5 =N BR A4 UHPC, % iy

(15




UM, F 4 UHPC Bl K AT HAE A T CFST Az b /R /) P4k 91

[ 94
iR+

B IREEL

AT
HMILUHPC

B H A

(a) CCFST 4% % 5 (b) SCFST g%l 43 (c) SUC-CCFST {425 fic
K12 A RRICHA
Fig. 12 Finite element model

A A TR BE DA 0 OB S K I A E A 4
800 d 1y £z A& B 56 WL J5 , TE 565 24> 43 25 vh LT Ab
£ UHPC #4442 5 RIN#52 J1 R AL R 4% &
SR R A0 IR

R T R AR A% R AT R ik B
SUC-CCFST-Lr0. 0FFJ@ A [\ M & RF T A FR oo
LA PR A 2 ) 2 b AL R R 3 s . K 3
AL, 24 A% RN A 20 mm 3 /0 3] 10 mm B, B PR
R ERUEI N T 19.5% AR ZR K, MK
F& RSN 10 mm 9/ 2 5 mm I, 3% B 7k 28 7 #5240
EH N T 0. 7%, vl B AR AL 3158 25 SR8 Tl 8k, 24 ™)
& RST b F iz X ] Y R B RL R AE SRR 25/, HR
SF2 5 mm AR TSR )24 0 ROSE 10 mm 58S
12485, W TS 1380 B R B RCR B % 8 e 4k
FE WA R SF 4 10 mm (58 AL I e 5 FROC 20 7 o

*3 WIERTHBESH

Table 3 Sensitivity analysis of mesh size
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element simulation
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Fig. 16 Influence of long-term loading ratio and steel content of reinforced layer on strength reduction coefficient
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