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Abstract: Low field '"H-nuclear magnetic resonance (NMR) is a quick, effective and nondestructive measuring tech-
nique to investigate the distribution and content of water by H-atom energy changes. Transverse relaxation time
(T,) and seepage amount of redispersible polymer powder (polymer)-modified repair mortars were obtained by tri-
axial low field '"H-NMR, that was wont to analyze the permeability of the repair mortars. The mechanism of polymer
influence on the transverse relaxation characteristics of repair mortars was explained by pore structure and micro-
morphology analysis. It's shown that: Osmotic pressure is the main factor affecting the transverse relaxation time
and seepage amount of mortar. Polymer reduces the water content in capillary and gel pores of repair mortar under
different osmotic pressures, and the water seepage decreases by 57.3% at 6 MPa, which significantly improves the

impermeability of repair mortar. The polymer improves the toughness of the repair mortar, which makes the cross-
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cracking damage of mortar change into compression deterioration under three-axis loading conditions, thus avoid-

ing the breakthrough of impermeability of the mortar under axial compression. The blocking and filling effect of

polymer film reduces the porosity of mortar by 3.28%, and weakens the transmission ability in gel pores and capil-

lary pores. Therefore, the transverse relaxation strength and water seepage of repair mortar are reduced, enhancing

its impermeability. Compared with the traditional impermeability testing methods, low field "H-NMR can character-

ize the water infiltration process and the seepage amount at different osmotic pressures, which is a practical imper-

meability testing method.

Keywords: low field NMR; transverse relaxation time; seepage amount; polymer; repair mortar; impermeabil-

ity
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Table 1 Chemical compositions of cement (wt%)

Sio, Al,O4 Fe,04 Ca0o MgO SO; Na,O f-CaO Loss
20.6 4.57 3.29 63.27 2.59 2.11 0.55 0.76 2.15
F2 KEWEANFIERE
Table 2 Physical and mechanical properties of cement
Setting time/min Flexural strength/MPa Compressive strength/MPa
Initial set Final set 3d 7d 28d 3d 7d 28d
128 196 5.3 6.4 8.5 26 35.9 45.6

e = e

1RSI

Fig.1 Redispersible polymer powder

1.2 EA&LE

BAEP I A IRRP o 1 s 20 1), KK L
H 035, WOKFEHEBERRB KR, BN
0.2wt%, [RIEF R 155 R 0.5wt% 11 11 751 4 5 b 2%
TR, KREREMO, 3%, 6%, 9%. 12%. 15%
1R AW B AN R BTB HERE, KK FRIC N
KO0, K3. K6, K9, K12, K15, W3 ELIRMEE L
W4 3,
1.3 RIWA*E
1.3.1 #l&TZ

P BRI LA K E . BAY . oK
PR UERDAERD SR P REDL 0 F 2 min. 4 350 56 5 A sl
KFI A A BB FE b, 1245 2 min(H % (140

5)r/min, A% (62+5) r/min) [ RIRS 5], K
JE DS TR . e AR 1 d S A, AR R
(20+2)°C . XTI 95% R 55 R P B 45 5 1 1 .
1.3.2 Ji%ke

% M8 GB/T 17671—2021 { 7K Ve it b 5 25 46 1
T (1SO ) ) M B #h b R 3d. 7d Al 28d
PIPTHT . BUR SR o SR A ST S B0 B RAE B 4D
BRI KRG 4508 B 1 Se il 45 40 mmx40 mmx80 mm
B b D SRR A S R 4 A L BRI SR B AR
fFTF 34 28d, SR 5 44 Ar K U8 0 3 B ilc A
40 mmx40 mmx160 mm A& 7 g — ], 55— & A
REWM RPN I, 78T 9 248 2 1% 9 )5 I ik
= PUYTIRE

LgL M
A ROVKG S5 SR B2 (MPa); F oy W7 2L /Y i 4%
(N); LA # A FE B (100 mm); b # A {4
IEJ7 B K (40 mm),
133 $fiBtkne

&+ B R B MR H 52 950 mm 5 100 mm
B B AR R o 52 90 A A I M 41 308 4 B A 22 i
A5 BRZ2S 7 A P2 1) PQ-001 =l A% i LIRS I R 48
WEAR R KRR, THE#EY) 0.49 T, F M3 21 MHz,
T8 2 JeoF = Al Fe =k (8 2) &k CPMG Jik 7
G AN [ 45 1 T 3R PR 3 A% A T st 5, 75
S (7] 5th B 15 () T, 4 AR AN S K B (R ER). Bk

R=

*3 RAEYHIEEIDRESE
Table 3 Mix proportion of polymer modified repair mortar

Specimen No. Cement/g Sand/g Superplasticizer/g Defoamer/g Water/g Polymer/g
Ko 100 200 0.2 0.5 35 0
K3 100 200 0.2 0.5 35 3
K6 100 200 0.2 0.5 35 6
K9 100 200 0.2 0.5 35 9
K12 100 200 0.2 0.5 35 12
K15 100 200 0.2 0.5 35 15
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Fig.2 Triaxial compression diagram of repair mortar
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Fig. 4 Influence of polymer content on mechanical properties of repairing mortar
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Fig.5 Transverse relaxation time distribution of repaired mortar at different penetration time
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Table4 Seepage amount of repaired mortar at different time

Specimen No. 5min 10 min 15 min 20 min 25 min 30 min
Ko 0.4% 0.71% 1.02% 1.29% 1.54% 1.72%
K9 0.05% 0.13% 0.18% 0.22% 0.24% 0.27%
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Fig.6 Transverse relaxation time distribution of repaired mortar at different penetration pressures
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Table5 Seepage amount of repaired mortar at different infiltration pressures

Specimen No. 1 MPa 2 MPa 3 MPa 4 MPa 5MPa 6 MPa
Ko 1.59% 3.1% 3.9% 4.26% 4.68% 5.34%
K9 0.57% 0.97% 1.48% 1.79% 2.02% 2.28%
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Fig.7 Transverse relaxation time distribution of repaired mortar under different coaxial pressures
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Table 6 Seepage amount of repairing mortar under
different coaxial pressures

Specimen No. 20 MPa 30 MPa 40 MPa 50 MPa
Ko 0.03% —0.03% -0.11% -0.38%
K9 —-0.08% -0.13% -0.12% -0.03%
0.25

Actual picture NMR picture 0.20 -
Iy
=
2

5 0.15 |
2
E
1]
Z

R 010 -
o
5
[

0.05 +

0 f L L L L Frerin
0.001 0.01 0.1 1 10 100
- r/um
Actual pictfir' NMR picture r—Radius

K9 REYIBEIMEHMD S LA

Fig.9 Influence of polymer content on pore structure of repair mortar
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Fig.8 Failure morphology of triaxial test samples: (a) K0; (b) K9
BPARFEE T RSB, BRI TR 2R
YL Zn, K 2-100 pm AL 2,
RSV S EE AR B AL 2
Mehta %5 2 (1 i 5% % W] & 4045 LB (>50 nm) *f
IKEIEM R BB M B, IR S W
BN 9wt DLIN . N 7 P g RdE Al g, B

HREWB R, B LR Rk
N R B, REMBEN Iwtw I, &
FMID I FLBR A B /N Ky 7.45%

K10 02 R G W B A b3 SEM OMLIE S . Ko
BURE AT LA B RGP, X 8L AR R 52
Wi b I B TS PERE L [R] I AD I Pl A AR BT IR S



EATTE . FETRAREIR 0 RS Y A D S B AT 5T

<3271 -

R7 REMBENEIMRILEEZM

Table 7 Influence of polymer content on porosity

of repair mortar
Specimen No. KO K3 K6 K9 K12 K15
Porosity/% 10.73 925 853 745 849 9.84
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Fig. 10 Cross-section SEM images of repair mortar with different polymer contents
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Fig. 11 Sectional EDS scan maps and element distributions of the repair mortar
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