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Table 1 Anchor-mortar samples design programme

A YRR /mm BFT ZA%/mm KK
Tl 0.40 4 0.40
T2 0.40 6 045
3 0.40 8 0.50
T4 0.50 4 045
TS 0.50 6 0.50
T6 0.50 8 0.40
7 0.60 4 0.50
T8 0.60 6 0.40
9 0.60 8 045
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Table 2 Chemical composition of silicate cement wg/%

Si0, Fe,05 ALO; Ca0 MgO S0; Pk
235 4.1 74 56.4 32 22 32
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Table 3 Physical parameters of reinforcing steel

Hmm HE(gem?) HUHRE/MPa  JEIRIRE/MPa B R/GPa
4,6, 8 7.85 540 400 196

1.3 iREWHE

FEY SRR, f k2 TAE SRR T i
Al BT, RIS J S e AR et R 8 ) 2
F L, R T BRI AL A A T R AR
R DB FT— R0 I ST A R 4 PR g
1.3.1 WA ks

H, fk 24 B Bt 3% 0 32 ] ZAHNER ZENNIUM
PRO HLfk2f TAESETE 25°C (T sh it d 7. il
IRRFH i R BOh 3.5% B S AL BN R R B0 Bl
5% R R A ZE TR 5 VAT, VAR F A L B R
B L B 2 G K BC T AR, IRl R SR R s A
AL ENE TR pH (E (pH=7) . & 1 FiR, i
FER = rAR AL RN, A0 0K R
A VR RN H SR FLAR 43 AR S AR HA . X LB RN
Z L E A . I 7E T [ H 2 (open circuit potential,
faiF% OCP) F#EAT, M 10 mV 8305 S, W B
B A 107 ~ 10° Hzo IREEUIER FH Zsimpwin 444
HATILE L 0T A PRUEIREE SR p HErf b, ARkt
5 I e Xk AN 5 0 B O AR ) AT AT B, DA ok 2 T
TR FE XTI S R 5
132 BEHERE

MR i IR B - 45 48350 )7 i hm 1fE ) (GB/T50152-
2012) 5, SR T rp a0 4 0 T AT — 20 2 A 1 )
FhaE F1 . IS suns-600 Y R fRI AR T REAR 6




I/REF: AT RAFMASIT S B TR TR ERGRLE R

B FF DR
(AR

HRIFTH 7R LA

(SR
HFIKCI \\\
™~
ZAHNER
ZENNIUM PRO WE e @1+
CEe @
REe @
Rt
O L)

WE. TAEHL#%; CE. % Hi #; RE. & 1 HL#) ; ZAHNER ZENNIUM
PRO. Hfb = T AR

1 ARG AR R
Fig. 1 Schematic diagram of electrochemical impedance

spectroscopy technique
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Fig. 2 Schematic diagram of pullout test

217



R #EAR

20254F 44l S

= THRE - T2iR¥: - T3iREE  T4iR% o TSR
<« TS » T7iREE o T8IALKE o TOILE:
—THE T2 TG THE L pspia
— TeR s — T7HG — T8G — ToflS
10

5_

B [« oo

N
T
~Z"/(10° Q-cn?)

[\S]

=Z"/(10° Q-cm?)

Z'/(10° Q-cm?)
Z. REH0; 7. BEHUSEER, HIERA 435, — 2 BELCHEHE, B P 2l o L4 B
3 AEFF-RPHAARE Nyquist B (T1~ T8 BHITRRE 1)

Fig. 3 Nyquist diagram of anchor-mortar samples
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Table 4 Electrochemical impedance spectroscopy parameters

®S5 fukREH (N) RESH

Table 5 Extreme variance analysis of pullout load ~ NkN

of fitted anchor-mortar samples 5B PRI L RERES IKIK H

el C/ Cal R./ K 11.450 9.567 11.900
o R\/ Q n Rf/ Q ny 5
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T2 1125 3215¢10° 05624 31310 1.349x107 08977  7.296 W 0243 3.650 0.663

T3 1078 4.286x10° 05504 1869 3.974x107 07969 4.336
T4 1221 7015x107 07039 258  3.632x10° 06141 5207
TS 1033 3.901x10° 05726 1946 2.003x107 08761 6.851
T 1352 3.947x10° 05468 2542 2.763x10° 0.8313  6.365
T7 1161 3.9659x10° 05949 2080 3.292x10° 0.8147  5.960
T8 1501 2.94x10° 09071 67750 5.857x10° 0.5370 13.330
T9 1287 4.189x10° 05527 1949 2.608x107 08431 6.107
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Fig. 6 Ultimate pullout load and average bond strength of

anchor-mortar samples
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Table 6 Variance analysis of pullout load

APk HIFF R KK H
TiE 0.096 20.162 0.767 0.050
F 2 2 2 2
F 1.922 401.984 15300
p 0342 0.002%* 0.061
R 0.998

TE: o 421 2 5 B 20 22 Se A HL R 3 P TR e R R T A 3%
FREE; p. i PEh A1 IR0 40 2 5 I R, P R AL T B4 )
FESN BESRRRRE; T IR

3.1.2 FUmiEz s e (Ry)
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Table 7 Extreme variance analysis of pore solution resistance

RJQ
EEES MPRLAR Bt ER KK
K1 120.500 126.467 142.167
WMl K2 120.203 121.970 121.100
K3 131.633 123.900 109.070
Wz 11.430 4.497 33.097
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Table 8 Variance analysis of pore solution resistance
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Table 10 Variance analysis of charge transfer resistance

EES

e Wi ER KIR I e
T 10.296 22.236 18.186 2.056
A 2 2 2 2
F 5.007 10.813 8.843
p 0.167 0.085 0.102
0.961

EES

N=|

HIRPRIAR R ER HKIR I
i 254.684 30.533 1683.915 44.121
H 2 2 2 2
F 5772 0.692 38.166
P 0.148 0.591 0.026*
R 0.978
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Table 9 Extreme variance analysis of charge transfer resistance

R4/10° Q
S e HifFER V34
KF1 6.257 6.102 8.945
HiE K2 6.141 9.159 6.203
K3 8.466 5.603 5715
W 2325 3.556 3.230
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Fig. 7 Pullout load-pore solution resistance relationship for

different anchor diameters
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Bonding performance of anchor-mortar interface under multifactor action
based on electrochemical impedance analysis
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Abstract: [Objective] The bonding performance of the anchor-mortar interface is influenced by multi factors, yet
existing studies predominantly focus on single-factor effects, leaving a gap in understanding the combined impact of
multiple factors. This study aims to address this gap by systematically investigating the interfacial bonding
performance under multifactorial conditions. [Methods] The anchor-mortar interface is taken as the research object.
Electrochemical impedance spectroscopy is used to characterize the interfacial state and derive electrochemical
parameters under different varying conditions. Pullout tests are conducted to quantify the bond strength of the
anchor-mortar interface. By correlating electrochemical parameters with pullout load data at the completion of
sample curing, the relationship between these parameters and interfacial performance is established. Additionally, the
influence of the three factors on the bonding performance of the anchor-mortar interface is analyzed. [Results] Sensi-
tivity analysis of the orthogonal test results reveals that the pullout load is predominantly governed by the anchor rod
diameter, whereas the pore solution resistance (Rs) is primarily influenced by the water-cement ratio. No dominant
factor is identified for the charge transfer resistance (R.;). During the early curing stage, two distinct interfacial states
are observed under the combined influence of the three factors: A fully developed passivation film and partially
developed passivation film. Within the tested parameter range, the pullout load increases with larger fine sand
particle sizes and lower water-cement ratios. A positive correlation is observed between the pullout load and both
the pore solution resistance (Rs) and charge transfer resistance (R.). [Conclusion] These findings provide critical
insights for optimizing the formulation and application of anchored structural mortar.

Key words: anchor-mortar interface; multifactor; interfacial bonding performance; electrochemical impedance

spectroscopy; pullout test
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