% 53 %5 11 ] R N O 1 Vol. 53, No. 11

1L

2025 4 11 A JOURNAL OF THE CHINESE CERAMIC SOCIETY November, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20250237

Te AT R 1 DS BB 58 -5 TR ) Gk

A ERM, TR
(P E SRR AT R AR AR, O FPRHE K H A=, b5t 100024)

B F AT R, el T AEATENA AR R, R JR LR 2 K (K 7 A AR SR ST T N )
W57k WA IR B R D IR, ARGEHR 1 2 2 R 2 A v P B (1.7~4.0) T2 IZ KR 5 R (29%~10%) A %
TIPS SRS R DI LT 92 B IR A, SR P DD BE A S AR M I, X TN ) A AE AT T 3RAIE . SRR P
Wt A e P LR RSN G K, TR BN 6%k, HAmm Ly 4 I, HTireR AR 1 11.24 MPa; TR BZAK SR KK,
eI TR IS J BT s 4, 29BN 10% K77, 28 d HUHm iR B g vl ik 45%; KA ARELL R HIE, FIHAMkEL
S A FH ST 0 1) IG5 TOURE Y b SR A AT 9 P TA B 12.33 MPa,  f KT IR EE I 103, FRITKG S5 IRASBRAF, X TG /5 THURE )
WO SR PUIT 9 (AR T HOR BT s X T N AP AT OISR, S 7 550K 1.68 MPa B R HGE A, XUE ISE 1 13
SRS IAAAE . B ARG T — Fh ABT K SR SR MG P 505, D TC TN S BORFE I BE G R . B TR P S ISR At T
R KT -

KRR RIS ARHR: WIRDT: PidrampE; #msE: BT SRS
FESHS: TUS28571  EAFRERE: A XEHS: 0454-5648(2025)11-3206-08
4% tH R AIE] . 2025-09-28

TN iR LA 20 05 TR AP RORSEE S5 A, TR IR AR B IR SR A L
MEBECR 2 —, NRFHRELEWRESHA 1, ARSI R B 10, AT DL
VESRAE T B AT SRR AR TR . TN IR E . L TEiRs2 TPC IEs& CPC AR AN AN i 0 20 AU
FIAUARAL T IRE T 52 bk, ideHik Tig2 T W, FEARGUURIR BOA A5 A2 TE T 4 TN T VR
RS, W MO R E R REiiE R
FANHARTE, fEmEEs. RESEE . Bl TR AT 2 — RPN TG SR AR . i 254
R, ONBRES S ER TR BIRGE TE DR, KB A B IR R R R A A,
TR RSN, FN IR R BRI RSV RIS AL, T SRR AN
B I NTE R 7, DRI S A 2 A ) e A, AR IR L T B AR O R B e
RN Ay, SRR REAE ). TN iR AT 0y BB AR I T R Ry e A A 3 8 AR A
& G 1S S IR Bkt (TPC) 54k s T R e+ W, SN E R ERIE OB R Z RN ), HRkA e
(CPC), P BRI 20 AOR SEBL TR 13-4, IRBCHERAR, MINHL, BERSHIREAE M 1.
TPC N L& EX Al 3 Meskik MG TRiES), ik BIEHATC 2R TR Mgk, 25, Mt
SRIEIE S JE 9Kk, TPC B @ X TR gy TR RSS2 AR, MET TPC AT CPC, 41t
J3, HIEPR A I TR L DR N BRI A T ] BB A, BUKEER R AN R AR %
FCRRLRL Sy, RSB RE LR PR SR R YR PRUSRIL T TNy, B A ST R
A ILHTRL R L AN 2 » 1K BR FHR B IT 28 H . ST LB R SR B, AR AW T JE F AN
ifi CPC A (R A /KT8, REEM M-SRt i BUA) SCELBUN. ) B T TR ke £ 0L, it 5=

Wk H . 2025-03-31. BT H: 2025-04-15. Received date: 2025-03-31.  Revised date: 2025-04-15
FHEWH: FHxE AR HRIEERE KT H (2022YFB3708701) . First author: LIANG Aofei (1997-), male, Master candidate.
HfEF: PER997 ), B, WiLwigik. E-mail: 1af1060699513@163.com

WEEE: FIRE9ss ), B, #t, BREEE TR, Correspondent author: WANG Zhendi (1984-), male, Ph.D., Professor.

E-mail: wzhendi@163.com



5 53 &5 11 1Y) R S H N IR HTIT R S TN 7 d6E < 3207 -

Weda PRI R AR, (LR N RTURRN 77, A W3R 1, WIBRIERE LR 2. KA ERALIRES (CSA)
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Table 1 Chemical composition of P-1 42.5 cement and mineral composition of its clinker w/%
SIOZ A|203 Fe203 CaO MgO SO3 NaZOeq f-CaO C3S Czs C3A C4AF
20.94 431 3.28 63.46 2.76 2.23 0.56 0.80 59.83 16.69 6.41 10.49

w is mass fraction

T2 P-1425 REEEELNCRYIIR M BE
Table 2 Physical properties of P-1 42.5 cement

Fineness Density/ Specific Surface/ Water for standard Setting time/min Flexural strength/MPa Compressive strength/MPa
(80 pmsieve)/%  (g-em™)  (m*-kg™) consistency/% Initial Final 3d 28d 3d 28d
12 3.16 358 26.60 142 206 54 8.3 29.7 51.0

x3 BEEINEEUFRS

Table 3 Main chemical composition of expansion agent w/%
Si02 A|203 Fe,03 CaO MgO SO;3 Loss
1.50 15.61 1.37 50.60 2.08 27.50 1.19

x4 BHEGIRMIEMEEE

Table 4 Physical properties of expansion agent

Fineness Setting time/ min Restrained expansion rate/%  Compressive strength/MPa
Specific surface area/(m?-kg?) 1.18 mm Sieve residue/% Initial Final In water (7 d) 7d
303 0 157 225 0.057 259

x5 WERMEALLAYIERMERE

Table 5 Mix proportions and physical properties of mortar

Mix proportion/(kg-m3)

Sample No. Fluidity/ mm Compressive strength/ MPa
Cement CSA Sand Water Superplasticizer
MO 605.9 0.0 1298.2 242.4 35 210 452
S2 593.8 121 1298.2 242.4 35 215 43.7
S6 569.5 364 1298.2 242.4 35 225 42.8
S10 545.3 60.6 1298.2 242.4 35 235 374

121 AFEBHEEZILE UPM 6% 32mm.  FIEEBRD R ER AT BLR, 24 h )5, 78
30 mm.25 mm 3 FE I R LRI E MO 3h ), B Ja BT B35 ST TR WA 73 0 S8 W i 2L 5 T
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Mortar type

Specimens

Remarks

Separate Sub

MO

| Cvmm

Reference
eparate Sur

R D |
_ ﬁ ﬁ Sur S mm
C MO0S2-4 CC-M0S6-4 CC-M0S10-4 Sub 32 mm

[Separate Sur] RE

Consecutive
casting

Sur 10 mm
CC-MO0S6-3 Sub 30 mm

CC-UPM

H Sur 15 mm
CC-M0S6-1.7 Sub 25 mm

h ﬁ ﬁ Sur 8§ mm
NCC-M0S2-4 NCC-M0S6-4 NCC-M0S10-4 Sub 32 mm

Nonconsecutive
casting

ﬁ Sur 10 mm
NCC-MO0S6-3 Sub 30 mm

NCC-UPM

H Sur 15 mm
NCC-M0S6-1.7 Sub 25 mm

* Sub and Sur referenceto substrate and surface-layer respectively.

K1 AFERIE ] 507 2

Fig. 1 Preparation method and description of different specimens
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Fig. 2 Flexural strength of NCC-UPM and RE at 28 days
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Fig. 3 Influence of expansion agent dosage on the flexural
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Fig. 4 Flexural strength increase rate of NCC-UPM compared with that of RE
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(b) UPM with different expansive agent dosage
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Fig. 6 Strain evolution of UPM during the cutting process
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Fig. 8 Stress distribution of UPM under different states
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Flexural Strength and Prestress Verification of Unreinforced Prestressed Mortar

LIANG Aofei, WANG Zhendi, WANG Ling
(China Building Materials Academy, State Key Laboratory of Green Building Materials, Beijing 100024, China)

Extended Abstract

Prestressed concrete, a pivotal 20th-century structural engineering innovation, enhances concrete structure strength and durability
by introducing internal compressive stress to counteract external load-induced tensile stresses. Classified by prestress generation
methods, it includes traditional prestressed concrete (TPC) and chemically prestressed concrete (CPC), both relying on steel
reinforcement. TPC uses pretensioned or post-tensioned steel tendons to induce compressive stress in concrete, while CPC employs
expansive cement, constrained by steel, to generate concrete compression via steel tension. That means steel reinforcement remains
indispensable in conventional prestressed systems for stress generation.

However, there are successful examples in materials engineering where prestress is achieved without the involvement of steel



5 53 &5 11 1Y) R S H N IR HTIT R S TN 7 d6E < 3213 -

reinforcement. Tempered glass serves as a typical case. During its fabrication, the glass is heated to near its softening point and then
rapidly cooled. The surface solidifies faster than the interior, which remains at a higher temperature, and this differential cooling
restricts the contraction of the inner core, ultimately inducing compressive stress on the surface layer. Under mechanical loading,
external forces must first overcome the surface compressive stress before any damage occurs, thereby significantly enhancing the
mechanical strength and resistance to fracture. Today, tempered glass is widely used across various sectors including automotive,
high-speed rail, construction, consumer electronics, and furniture. Compared with TPC and CPC, tempered glass achieves
prestressing without relying on steel reinforcement. Instead, the prestress arises from the mismatch in thermal deformation between
the surface and the core, offering a simpler and more efficient method for introducing internal stress.

Summary and Prospects Inspired by the prestressing principle of tempered glass, this study proposes a novel strengthening method
for mortar that establishes internal compressive stress without the use of steel reinforcement. This is achieved by restraining the
expansion of an expansive surface layer through a shrinking substrate. The resulting pre-compressive stress significantly enhances the
flexural performance of the mortar. Experimental results demonstrate that the flexural strength of unreinforced prestressed mortar
(UPM) increases with the cross-sectional height ratio. When 6% expansive agent is incorporated into the surface layer and the height
ratio reaches 4, the flexural strength improves to 11.24 MPa. As the expansion rate of the surface layer increases, the flexural strength
of UPM continues to rise. For instance, with a 10% expansive agent, the 28 d flexural strength increases by up to 45%. Furthermore,
by employing the casting method with time interval combined with surface roughening and the use of an interfacial adhesive, the
flexural strength of UPM can reach 12.33 MPa. The maximum flexural-to-compressive strength ratio approaches 1 : 3. These findings
highlight the critical role of interfacial bonding quality in enhancing flexural performance—stronger bonding leads to greater strength
gains. The existence of internal prestress is further verified through stress release monitoring during specimen cutting, where a
maximum released stress of 1.68 MPa is recorded. However, it is important to note that the cutting method only releases a portion of
the internal stress. As some prestress remains unreleased, the actual prestress present in UPM is likely higher than the measured value.
Therefore, the released stress should not be regarded as the absolute value of the applied prestress. Although a correlation exists
between stress relief and flexural strength improvement, the two are not equivalent. In practical applications, UPM should be
evaluated and selected based on the overall enhancement in flexural strength rather than the measured released stress alone.
Mechanistically, the expansion of the surface layer induces tensile stress in the substrate and compressive stress in the surface layer.
When the surface layer is relatively thick, the compressive prestress decreases with depth along the normal direction of the interface.
This stress gradient resembles that observed in tempered glass, where compressive stress is lower at the edges than at the center,
rendering edge regions structurally more vulnerable. To better understand and optimize the internal stress distribution, stress
redistribution, and failure mechanisms under external loading, finite element simulations are recommended. These analyses can offer
theoretical insights that support the practical design and application of UPM in engineering practice. Overall, this study introduces a
new approach for mortar toughening and strength enhancement, providing a foundation for the development and application of
unreinforced prestressing technology in thin-walled structures and structural repair projects.

Keywords unreinforced prestressed mortar; prestress; flexural strength; cross-sectional height ratio; expansion agent; interfacial
bonding state



