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Study on the Size Effect of PCCP Protective Layer Mortar and the

Influence of Admixtures
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Abstract: The thickness of the protective layer mortar for prestressed concrete cylinder pipe (PCCP) is usually only 25 mm,
whereas the laboratory standard mortar specimen sizes are 70.7 mm or 40 mm. To establish an effective correlation between
experimental results and the actual performance of components, it is crucial to systematically investigate the influence of size
effects. To address this issue, this study produces cubic specimens of three sizes, 70.7 mm, 40 mm, and 25 mm, by varying the
contents of fly ash (FA) and nano silica (NS), in order to explore the impact of these supplementary materials on the perfor-
mance of PCCP protective layer mortar and to reveal the regularity of strength variation with specimen size. The main conclu-
sions are as follows: Firstly, the optimal combined dosage of FA (20%) and NS (3%) is determined, which shows the best 28-
day mechanical performance and dimensional stability. Secondly, the mortar strength exhibits a clear size effect: as the speci-
men size decreases from 70.7 mm to 40 mm, the strength increases, but further reduction to 25 mm led to a decrease in
strength. Finally, the established size conversion equation indicates that the conversion coefficient first increases and then de-
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creases with the admixture content and is dependent on the dosage. This provides a theoretical basis for accurately predicting
the actual performance of thin-layer PCCP mortar.
Key words: PCCP mortar; compressive strength; size effect; mineral admixture
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SO R AL ERD I MBI nl s 8 B4, BREE b Cl ik AR Z 03 I8 i T 07 4K 22 Adi FLRi 4, AT 5| %
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Table 1 Main chemical composition of cement
2L NK
fesy . BB i
SiO, ALO, Fe,0, CaO MgO SO, K,O PN
Mgk 26.39 4.77 3.80 59.03 1.09 2.98 0.97 0.97
=2 MEREZEUERS
Table 2 Main chemical composition of FA
. JE Y%
RSy : == -
Sio, ALO, Fe,0, CaO SO, ik
A2 56.10 19.12 6.75 11.50 2.39 4.14
= 3 YRS AEESM
Table 3 Physical properties of NS
WP 4z /% SRR /mm bR MY (m?/g) pH Fe,0,/% ALO,/%
RS 99.9 20 185 6.5 0.005 0.04
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Figure 1 Comparison of results of superplasticizer molding and roll injection molding mortar
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NS 1 FA ELAT IR LA T A0 AR 0, Tl DL = 7K P AR a8 S, Xk TR SebA ) 122 RE AN BTAR:
P REAT R S E AT BT, ARSI NS B i (T 450 2 2% .3% 4% 5 FA B 5 (it 73500 1 10%
15%.20%.25%.30% M B & b . 38 A IR0 AR 0 R 3 B2 RTIRZKCOR S PR R TR B A BHE X 2R M RE 1Y
SR, LA i B AL G, N e SR i I8 i e A Fb BT R AR SRR, MR T 70.7 mm*70.7 mmx
70.7 mm (S-70.7) .40 mmx40 mmx=40 mm (S-40) #1125 mmx25 mmx=25 mm (S-25)3 Fh X sERPIE | 3547 ] SHROW
RIEWFTE. R4 M RSFRVIR AP LA E.
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Table 4 Mortar mix proportion for size effect test

N LS Ess NS/% FA/% KL YRUL4 KR

REF 0
N2 2

0
N3 3
N4 4

F10 10

F15 15

0.30 1:24 3.0%

F20 0 20

F25 25

F30 30
F20-N2 2

F20-N3 3 20
F20-N4 4

1. REFICERICB &R X IR ;N2 N3 AT N4 AR R NS 843 718 2% . 3% F14%; F10 . F15 . F20 . F25 F1 F30 % 3&AbY
BT FABE SN 10% . 15% . 20% . 25% F1 30%; F20-N2 . F20-N3 Fl F20-N4 £t 0058 4 FA 1B 80 20%, NS 15843 5N
2% 3% Fl1 4%
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Az B C-S-H B , 53X — S W IR T /K IR A 7K Ak , DT e 7K I i F i g 1o
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FRSFREIE F10 ZH 306 35 B 48 REF 2043 W FAR T 3.63% .4.45% F13.11%, F30 41350 1 58 B 45 REF 2 73 PR T
26.0%.26.9% F120.7%. iXJ&H T FA TR RS, S BRI /KR E , FEBERI IR Je K 1b 3 B 98 2%, C-
S-H EEIE =4k /b, T AR 3 OB R SRS 24 FA BB /N T 20% I, AP 33 R 50 T B8 B4 /)N ; 24 FA
B 20% B, T REIRE A B3R, LLS-70.7 (R R ], FA B 5 H 15% 35 I 2 20%, 7028 3 d.7 d ¥t
5 B 3 ) T B 1.72% . 4.25%; FA 43 8 i 20% 38 11 2 25%, #0233 4.7 d PR s B 43 51 T % 12.33%.13.98%.
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XK P ARALHERRE AT W (B A SE B R, SR PCCP AR Z R B A FA nlHE 20% 15 A M iifs B4 .
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Figure 2 Change rule of mortar compressive strength with NS mixing amount
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Figure 3 Change rule of mortar compressive strength with FA mixing amount
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HAP PR IR IR 25 T REF 4 MBAB FA . 3597 % 28 A, 3 Fh R ~Fab 3% F20-N3 4H %8 REF 2H 73 W48 &
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Figure 4 Effect of compounding FA and NS on compressive strength of mortar
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Figure 5 Comparison of compressive strength between single and compound mixing
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Bils 53— T, T NS H1Si0, i, 5 Ca(OH), 25 & A& A —WRIKAL I , (3 C-S-H BRI 1 1 0 i, T3 5
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Figure 6 Variation law of mortar water absorption with NS content
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Figure 7 Variation law of mortar water absorption with FA content
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RV , ORS00, AR A AR AR R L , L oA SRR o B B A R Pl fol SR A O AR R LB, DA T 7T P 5t
720 AR ALB ARG SR T, A S-25 B R AL R ARAR T S-70.7, H 5 B 32 Jey i e ik s (R4 ) Fids
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) R RS AFAEE 24 EALORT 50 nm (G BANFL s EREE ) . RFLARFLER/ 248 A (U DA ROR B AR, T

IERTE 22Nt vy S A NG e I T Y 187 N
= 5 PRIRSTKIER % MIP Ut 45 5R
Table 5 MIP test results of cement mortar with different sizes
BN RS /mm FLBUR/% KA/ (mL/g) % A JLAL#%/nm
70.7x70.7x70.7 18.487 7 0.092 9 50.43
REF 40x40%40 17.659 3 0.087 7 41.46
25%25%25 17.940 3 0.090 9 49.73
70.7x70.7x70.7 15.087 4 0.0750 32.49
F20-N3 40x40%40 10.206 7 0.046 5 27.15
25%25%25 10.923 7 0.050 1 28.28
0.0025 0.0025
25 mmx25 mmx25 mm 25 mmx25 mmx25 mm
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Figure 8 Test results of differential mercury intake of cement mortar with different sizes
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Figure 9 Relationship between compressive strength of standard and non-standard specimens
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Figure 10 Conversion factor for compressive strength of non-standard and standard test blocks
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