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Pull-out tests and load-bearing capacity studies of steel sleeves with
fiber-reinforced grouting materials
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Abstract: To investigate the influence of fiber incorporation on the mechanical properties of reinforced grouting
sleeves, experimental studies were conducted on the material properties of polypropylene (PP) fiber-reinforced and
polyvinyl alcohol (PVA) fiber-reinforced grouting materials. Mechanical property tests were performed on PP and
PVA fiber-reinforced grouting materials with varying lengths and volume fractions. Uniaxial tensile tests were
carried out on fiber-reinforced grouting sleeves with three different reinforcement anchorage lengths of 4d, 6d, and
8d (where d represents the diameter of the reinforcement bar). The results indicate that the addition of fibers leads
to a certain degree of reduction in the fluidity and compressive strength of the grouting material, with insignificant
impact on flexural strength. Moreover, as the fiber length and volume fraction increase, the compressive toughness
of the grouting material improves significantly. For sleeve specimens with a 4d embedment depth, reinforcement
pull-out failure occurred, while reinforcement rupture occurred in specimens with 6d and 8d embedment depths.
Additionally, as the fiber length and volume fraction in the grouting material increase, the ultimate bearing capacity
and ultimate displacement of the sleeves undergoing reinforcement pull-out failure also increase. There was a
significant negative correlation between the compressive strength of the fiber-reinforced grouting material and the
ultimate bearing capacity and ultimate displacement of the sleeves, whereas a positive correlation was observed with
the compressive toughness of the material. Based on the traditional prediction formula for the ultimate bearing
capacity of grouting sleeves, a new prediction formula that comprehensively considers both the compressive strength
and compressive toughness of the grouting material is proposed by introducing the compressive toughness index as a
parameter.
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Tab. 1 Physical and mechanical properties of fibers

LY Fh2E W/ (g-em ™) HFRER/ pm FPERE/ GPa B B/ MPa B 2/ %
pp 0.91 27 4.18 635 18
PVA 1.3 40 41.2 1 600 6
x2 ERPMERESH
Tab.2 Parameters of grouting material
BN/ mm . .
- HUIEHRIE/ MPa FLUT R/ MPa
WA 30 min
405 365 101.6 19.6
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Fig. 1  Profile of sleeve
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Tab.3 Material properties of steel bar and sleeve

Mk S PR/ GPa JERGEAE/MPa  #RFRGRSE/ MPa
Wi HRB40OE 210 455 620

B 454 210 355 600
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PPRGM ( polypropylene fiber reinforced grouting
material ) 1 PVARGM ( polyvinyl alcohol fiber
reinforced grouting material ) AR FE PP 21 4k nh ik
FEFN PVA 21 AER SR RERRL R BB o i R 27
YR LT AR B, g 1T I i 2T ARG RSOk}
E@ﬁ%‘@ﬁﬁ,ﬂiﬂ%T 40 mm x40 mm x 160 mm Y
A SRFE R, AT HE R S 2 T N 2 T
PRLE I AE MTS Exceed E45 HLF J7 fE 1 5 Hl
(300 kN) HEAT, an&l 2(b) , HEH S Z 4 K2 EIX %
(¥ A 3R 53 514 0. 05 kN/s i1 2.5 kN/s, Bk 1730
AT YRR s HEHORL RO PLIT KBTI ERE SN, i8I i T

TP, 1 2 (a) .

"

(b) A 48 A
2 EEMMRERELR

Fig.2 Material performance test of grouting material
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Fig.3  Grouting sleeve tensile test setup
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Fig.4  Fluidity test results of fiber-reinforced grouting materials
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Fig.5 Flexural failure of specimens with varying fiber volume fractions and lengths
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Fig. 6  Compressive failure of specimens with varying fiber volume fractions and lengths
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Fig.7 Flexural strength of fiber-reinforced grouting materials
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Fig. 8 Compressive strength of fiber-reinforced grouting materials
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Fig. 10  Compressive toughness index of fiber-reinforced grouting materials
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Tab.4  Compressive toughness index of fiber-reinforced grouting materials
. FE4E B ETE £ . FEAEIMERR AL
e G . e RIS &
T Ty Ty Ty Ty Ty
GM 1.751 1.266 0.383 18 PVARGM-3-0. 1 1.900 1.266 0.402
PPRGM-3-0. 1 1.856 1.272 0.458 19 PVARGM-3-0.2 1.963 1.269 0.539
PPRGM-3-0.2 1.886 1.279 0.598 20 PVARGM-3-0.3 1.970 1.281 0.702
PPRGM-3-0.3 1.903 1.311 0.764 21 PVARGM-3-0.4 2.035 1.299 0.812
PPRGM-3-0.4 1.954 1.338 0.887 22 PVARGM-6-0. 1 1.982 1.278 0.498
PPRGM-6-0. 1 1.940 1.279 0.511 23 PVARGM-6-0.2 2.043 1.299 0. 647
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15 PPRGM-12-0.2 2.114 1.344 1.263 32 PVARGM-12-0. 3 2.211 1.351 1.215
16 PPRGM-12-0. 3 2.197 1.381 1.361 33 PVARGM-12-0. 4 2.279 1.368 1.285
17 PPRGM-12-0. 4 2.299 1.389 1.389
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Fig. 11  Failure modes of grouting sleeve specimens
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Tab.5 Failure modes and load-bearing capacity of grouting sleeve specimens

F5 KM P/kN P,/kN & /mm §,/mm fEIEE || 55 KR P/kN P./kN & /mm §,/mm B
1 GS-04d 90.52 102.95 2.01 6.43 AfifkH | 30  PPRGS9-0.3-84 91.46 124.45 2.21 40.68 ANAHHIH
2 GS-0-6d 91.22 124.75 2.29 42.01 NI || 31 PVARGS3-0.14d 90.32 104.05 2.04 9.08 Hiffikit
3 GS-0-8d 90.55 124.54 2.33 43.54 HNAHIWT | 32 PVARGS-3-0.1-6d 90.48 124.72 2.32  47.33 Al
4 PPRGS-30.14d 90.36 106.09 2.02 11.56 k1 || 33 PVARGS-3-0.1-84 90.69 125.03 2.39 45.36 Al
5  PPRGS-3-0.1-6d 90.54 127.12 2.36 50.64 HAAGFINT || 34 PVARGS3-0.24d 90.44 112.86 2.11 15.78 ki
6  PPRGS-30.1-84 90.57 125.53 2.31 46.36 MMiHiWi|| 35 PVARGS-3-0.2-64 90.88 123.22 2.26 39.23  HffiHilhr
7  PPRGS-3-0.24d 90.55 114.11 2.05 13.97 #WH#kit || 36 PVARGS-3-0.28d 90.46 124.18 2.28 41.25 ANfiHilK
8  PPRGS-3-0.2-6d 90.89 126.77 2.21 47.43 W+ || 37 PVARGS-30.34d 90.56 118.54 2.15 20.52 ARfHKH
9  PPRGS-3-0.2-84 91.52 125.86 2.19 42.66 fMiHili|| 38 PVARGS-3-0.3-6d 90.47 126.89 2.21 45.47 Sk
10  PPRGS-3-0.34d 91.56 117.53 2.08 18.73 #ffifkili || 39 PVARGS-3-0.3-84 90.89 126.95 2.23 44.53 Al
11 PPRGS-3-0.3-6d 90.58 125.94 2.26 46.38 ANfiHIHT || 40 PVARGS-6-0.14d 90.75 108.50 2.08 11.78 4Nffkih
12 PPRGS-3-0.3-84 90.56 124.91 2.25 38.34 HfHHilli | 41 PVARGS-6-0.1-6d 90.75 127.53 2.22 44.34 R
13 PPRGS-6-0.14d 90.23 109.95 2.08 13.15 4Nkt || 42 PVARGS-6-0.1-8d 90.62 127.41 2.27 45.29 4N
14 PPRGS-6-0.1-6d 90.55 123.08 2.17 40.58 #AHilT | 43 PVARGS-6-0.24d 90.78 114.78 2.09 16.13  #fHkH
15  PPRGS-6-0.1-84 90.67 125.18 2.19 45.32 HfiHilki | 44 PVARGS-6-0.2-6d 90.75 127.27 2.15 36.46 AR
16  PPRGS-6-0.24d 89.98 114.85 2.02 18.71 4Nfli#kili || 45 PVARGS-6-0.2-8d 90.46 125.10 2.17 37.52  #NAHHIHG
17 PPRGS-6-0.2-6d 90.45 124.75 2.16 35.37 4Nffifil7 | 46 PVARGS-6-0.34d 90.62 120.38 2.10 28.15 #Hffdkih
18  PPRGS-6-0.2-8d 90.48 125.65 2.22 37.49 #NAGHilG || 47 PVARGS-6-0.3-6d 90.53 124.83 2.21 42.79  #AHHiHG
19  PPRGS-6-0.34d 90.47 118.31 2.07 23.66 4Nffidkthi || 48 PVARGS-6-0.3-84 90.63 124.81 2.26 41.20 #NfHHHT
20  PPRGS-6-0.3-6d 90.66 123.62 2.26 45.34 HAGHIKT || 49 PVARGS9-0.14d 90.86 111.35 2.07 12.14 #IfkH
21  PPRGS-6-0.3-84 92.01 123.35 2.21 43.75 4Nf$ikki| 50 PVARGS-9-0.1-6d 90.12 123.55 2.16 38.69  #fiHi;
22 PPRGS9-0.14d 90.63 113.05 2.03 15.63 Wikl || 51 PVARGS9-0.1-84 90.16 124.16 2.25 40.55 HdfHHir
23 PPRGS9-0.1-6d 90.69 124.35 2.28 45.39 #AHIlT || 52 PVARGS-9-0.24d 90.58 117.67 2.04 19.34  #fkH
24 PPRGS9-0.1-8d 90.47 125.84 2.16 42.64 fWFIFINT| 53 PVARGS9-0.2-6d 92.30 124.83 2.19 39.38  HAGFING
25  PPRGS9-0.24d 90.78 116.46 2.04 25.03 ikt || 54 PVARGS9-0.2-84 91.99 125.04 2.20 39.67 HAGHIMG
26 PPRGS9-0.2-6d 90.79 127.41 2.31 48.16 HHHIWT || 55 PVARGS9-0.34d 91.80 121.88 2.08 29.23 Hifiiki
27  PPRGS9-0.2-84 90.68 126.65 2.26 37.32 NffiHili|| 56 PVARGS9-0.3-6d 90.16 123.06 2.25 42.65 HfHhikr
28 PPRGS9-0.34d 90.52 122.98 2.11 39.31 4WAHKL || 57 PVARGS9-0.3-84 90.27 127.13 2.21 40.60 HfHHilT
29  PPRGS9-0.3-6d 91.46 124.11 2.16 43.26 fRAHHINT

TE. P, R, P, ARBRTTA, 8, A M X 1088, 6, Sl PR I (8%, L Jek R IR R A 1 20— (528% A 4 4 980 1 L AR B4
S A, KPR S CS 1R B L 4SBT  PPRGS Fl PVARGS /3513 PP AF 2k SR ME SRS A R PVA LT B3R SR

LGB Ay R LT U A BE 2T A AR BUS 5 K A 77 e T 4



5510 9] FNE, A AAERESPHNATE A SRR KOR BT -51-
180 . 60
pPP-11 IR A P, - PP-tRIRALHE6,

CIPVA-RIR T 8P, “V PVA-1RIRAzF24, {50

160}

140
Z E
& B
= 120f 5
= | v =
ES =3

1001

80}

60

GS

PVARGS-3-0.1PVARGS-3-0.2PVARGS-3-0.3PVARGS-6-0.1PVARGS-6-0.2PVARGS-6-0.3PVARGS-9-0.1PVARGS-9-0.1PVARGS-9-0.1
AdIR A
B 13 4d EREFIGLRER

Fig. 13 Test results of 4d grouting sleeve specimens
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Tab.6 Correlation coefficient

s cr
S5 Hiz PP PVA
PP PVA T, T, T T, T, Ty

4d -0.874 -0.752 0.861 0.894 0.927 0.816 0.812 0.915
P, 6d 0.142 0.112 -0.261 -0.225 -0.09%4 -0.297 -0.221 -0.281
8d 0.217 -0.312 -0.147 -0.396 -0.172 0.176 0.172 0.238
4d -0.875 -0.694 0.933 0.957 0.987 0.834 0.829 0. 886
o, 6d -0.187 0.306 -0.038 0.045 0.020 -0.339 -0.284 -0.219
8d 0.377 0.466 -0.351 -0.395 -0.542 -0.602 -0.588 -0.503

1 :4d 6d 8d NN ERIE 1.0 ~ >0.8 HHIEMIE,0.8 ~ >0.6 M5EAMFE,0.6 ~ >0.4 H—RAF,0.4 ~ >0.2 HFIHK,0.2~0 K
WG HHIE , CS( compressive strength ) AHTEIRE , CT ( compressive toughness ) A E45 M
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Fig. 14  Correlation coefficient
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Fig. 15 Relationship between compressive toughness index of grouting material and load-bearing capacity and displacement of specimens
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Tab.7 Predicted values of load-bearing capacity of grouting sleeves based on Ahn and Kim's formula
) . . Ahn 45 L16] Kim %5 18]

e kg BREL PURRIAN TN mea P, FE/KN R %

GS-04d GIVIE Y 102.95 110.15 6.54 115.22 10.65
GS-PP3-0. 14d AR 106. 09 110.30 3.81 115.46 8.11
GS-PP3-0.24d AR Hh 114.11 108. 50 -5.17 112.48 —1.45
GS-PP3-0.34d PR AL 117.53 108. 11 -8.71 111.86 -5.06
GS-PP6-0. 14d A H 109.95 109.75 -0.18 114.53 4.00
GS-PP6-0.2-4d AR 114.85 109. 54 —-4.84 114.18 -0.58
GS-PP6-0.34d HARAR 118.31 106. 43 -11.16 109. 30 -8.24
GS-PP9-0. 14d AR 113.05 107.41 -5.25 110.78 -2.05
GS-PP9-0.2-4d A 116.46 106. 89 -8.95 109.99 -5.88
GS-PP9-0.34d AR 122.98 105.02 -17.11 107.24 -14.67
GS-PVA3-0. 14d LIVt 104.05 110.18 5.57 115.26 9.73
GS-PVA3-0.24d A 112.86 109.21 -3.34 113.64 0.68
GS-PVA3-0.34d GLVIE 118.54 107.98 -9.78 111.66 -6.16
GS-PVAG-0. 14d AR 108. 50 107. 41 -1.02 110.78 2.06
GS-PVAG6-0.24d WA 114.78 107.78 -6.50 111.35 -3.08
GS-PVAG-0.34d GIVIELEE 120.38 106.57 -12.96 109.51 -9.92
GS-PVA9-0. 14d AR 111.35 107.07 —-4.00 110.25 -0.99
GS-PVA9-0.24d HARR 117.67 105.99 -11.02 108. 66 -8.29
GS-PVA9-0.34d A 121.88 105.21 -15.85 107.52 -13.36




© 54 . [ S N S

VAN S

557 %

Ahn SERY T RN % 22 A A BR 7k 2 07 5
B AELAH L 26 % 152 22 - (K 7. 46% , e KR 22N
17.11% ;1M Kim 88 (93 F 5 A 0 15 45 51 5 U560 A
Z 18] () 2508 18 22 P M 6. 05% , e Rk 22N
14.67% ., RZEGITEERFEW, Kim FF82HITTHELA
2T B A b T 2 A BR A 3T
4.2 EEEHIENERESHRAFE TR

W 7 Pion, R4 Kim S84 1 A3 2 nT 45
TR TN 21 24 34 it B SRR 1 A PR R 28, (H B
YA K AB R R RN, 27 i 1 5 B OB 5
JEE Bt 22 BTG, AR P A2 T 5 9000 20 2 6 1) i 2
TR AL, W 5 AR L R R fl £
Y B KB RN, HE S T A PR R 3 S B
FHg#a A, X 5 Kim T8 A X WE A RF, B
b, AN BRI SRR HT R i J3E 190000 2T 24 344 i o S kL 2
TR BR AR 2k JI A4, 3.3 Y £F eI s B R
PO B AR 4 M 5 T i PR AR 28 0 22 8] A A G
PRI HT S SR, Bl 7 A< B S AB R He in ,
BB 38 5 5 B R R 28 R BN FUR 6, 1T Kim 55
PR AKX ERORH R R IR A S B
BT RIN IEARDC YRR, A B S AR 2T 24 %o
WERMAR WM, T Kim ITHEARX, 5] A
FRVE IR BOX — S50, P2 R 25 6 75 TR R OB
SRR S ) 1 A A 34 o A 1R R 3O T A 5
3.3 0 3 FhEAR IS S HE R A A BR AR 2 )
Z ] (AR S 2R B0 3 R ] A 3 B 44 0
RETNERABASEIET Kim HEARBIEER

HRIURAR TR A T, 4 P, T B B 4 B R
T, B P, K F, ST A SRR S B R
IS AR

P, =7mdl (7)

T=(a+b. /). Ta (8)

P,=(a+b.Jf,)J.T5mdl,P, <F, 9)
P, =F, P =F,

Lia b c HTERENSE, bR R HIEE 5 2],
T NHESORUE A IR R P, R B I IR AR 2
J15f, HWERIERRR M AER T, X (6)ITE
FREf, ITESOR PR L 51 R 807 Al [ TR
d R EAR, RIEASGRBEAR A 553 1+~
Boab.c sk 1.66.0.50.0.22, ISR R =
0.99, M=K (9) ATt — R A

P, =(1.66+0.5/f,) . Jf. TsZmdl P, <F,
P,=F,,P,=F,
(10)

TSR BRI IR AR 27 A 95 Kim 23 =X F0
55| ATERCRE 28 I8 £ B E L 2% 8 . A
6d F1 8d HRGRAA AR A8 T {8 X5 S 500 A5 4 1l PR 7
#J7, 3 8 TURIR 4d SR KA Al R AR A
AR BRARZR F1 . Bk, Kim 23R (10) B9 0 AE
S A X WL 16, £ 8 S 16 M4 R %k
W, 51 AESRRE T 45 B0 1k 4 B0 P00 IR 1) 4 X 15 2
SEIE M 6. 05% RS 1. 47 % , HL 1 5 e Ty 393000 27
e B BB B RO I R AR 2

®8 EREMAFNRBRESTNE

Tab.8 Experimental and predicted load-bearing values of grouting sleeves

— PRI /AN \ Kim A2 \ 2 (10) TMAE
P, W{E/kN 1R/ % P, WAE/kN R22/ %

GS-04d 102.95 115.22 10. 65 104. 39 1.40
GS-PP3-0. 14d 106. 09 115.46 8.11 108.78 2.53
GS-PP3-0.24d 114.11 112.48 —1.45 112.32 -1.57
GS-PP3-0.34d 117.53 111.86 -5.06 117.83 0.26
GS-PP6-0. 14d 109. 95 114.53 4.00 110.51 0.51
GS-PP6-0.24d 114.85 114.18 -0.58 117.89 2.65
GS-PP6-0.34d 118.31 109.30 -8.24 118.62 0.26
GS-PP9-0. 14d 113.05 110.78 -2.05 112.76 -0.26
GS-PP9-0.2-4d 116.46 109.99 -5.88 121.08 3.97
GS-PP9-0.34d 122.98 107.24 -14.67 123.24 0.21
GS-PVA3-0.14d 104.05 115.26 9.73 105.55 1.44
GS-PVA3-0.24d 112.86 113.64 0.68 110.93 -1.71
GS-PVA3-0.34d 118.54 111.66 -6.16 115.47 -2.59
GS-PVAG-0. 14d 108.50 110.78 2.06 106.29 -2.04
GS-PVA6-0.24d 114.78 111.35 -3.08 113.12 -1.45
GS-PVAG-0.34d 120.38 109.51 -9.92 116.93 -2.86
GS-PVA9-0. 14d 111.35 110.25 -0.99 110.34 -0.91
GS-PVA9-0.24d 117.67 108. 66 -8.29 118.45 0.66
GS-PVA9-0.34d 121.88 107.52 -13.36 120.70 -0.97
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