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Compressive and Adhesive Strengths of Mortars using Re-emulsification

Type Polymer and Ultra-Rapid-Hardening Cement
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Abstract

The objective of this study is to develop a mortar mixture with high workability and adhesive strength for section
jacketing in seismic strengthening technology of existing concrete structures. To achieve targeted requirements of the
mortars (initial flow exceeding 200 mm, compressive strength of 30MPa, and adhesive strength exceeding 1MPa),
step-by-step tests were conducted under the variation of the following mixture parameters: water-to—binder ratio,
sand-to—binder ratio, polymer-to—binder ratio, dosage of viscosity agent, and content of ultra-rapid—hardening cement. The
adhesive strength of the mortars was also estimated with respect to the various surface treatment states of existing
concrete. Based on the test results, the mortar mixture with the polymer-to-binder ratio of 10% and the content of
ultra-rapid-hardening cement of 5% can be recommended for the section jacketing materials. The recommended mortar
mixture satisfied the targeted requirements as follows: initial flow of 220 mm, high-early strength gain, 28-day
compressive strength of 30MPa, and adhesive strength exceeding 1.2MPa.
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Compressive and Adhesive Strengths of Mortars using Re-emulsification Type Polymer and Ultra-Rapid-Hardening Cement

%“EM AHIE LE}E’ HH“—J
E—ZA3H)H](water—to—binder
ratio, W/B), A—A&HA ] (sand—to—binder ratio,
S/B), ZTH—-ZAZAH](polymer—to—binder  ratio,
B/, 24 Wk 95 0 247AE A3k vlgo] uiet
LE}E oS oyetoitt, THEA B HEEE0] K
/q 2= 1.0MPa o), 957 30.0MPa
£ 200mm oS IS, P2ekE o
30MPa VO R g AL 7] HAje] RelE
5 21MPa® 7Hysto] 5015} T IATE
aEsiel7] wZolot, A B REEE o] YA e
ZAES W A2 Ao wt B7sieltt,

Y, UM

A 57 BEELE viglollA] AR AR HE
JHE (ordinary portland cement, OPC) ¥ %
E(ultra rapid hardening cement, URHO)9] &
9 slela] 244 Table 10 YERH I OPC
gl URHC_J el 7k} 3, 15g/cm39} 2,90g/cm’o|H, &
e 717k 3 984cm’/g@}b 5,989%em?/go|tt. OPCY] 28
SksF AEL Ca0 U SiO, 2A] A skt 2AJ9] oF 83%=
A8, URHCE Ca0, AlOs 2 SOs7F 844502
A 2t 245 oF 83%= AAIsk=t, AlOs ¥ SOs7}
OPCef| v]3l} Z}2 10% % 13% =¥t} OPC 2 URHCY
& 2= Table 2 of] YepHiith. URHC= OPCot 2
o) CASE Eol ik T FsiebEr) B o
A3t 31 A7 3Ca0 - 3ALOs - CaSOsS Ui
SHBL Qi olo]l Wt 45} BESA] - Wk S 21t
ZAA9] Calcium sulfo—aluminate 45 = ettringite) S
WAAA = ARE Yol =2 Z=s Wad 4= Sloel.
AR Eeire Ee 9 Jﬂﬂ_?“?ix} 3717} 242} 0,5g/cm’
9} 100um=zA] o &ld ZAF v (ethyl vinyl acetate,
EVA)A 721 £ Ao |eiTable 3). f2] #o] &%
(glass transition temperature, Tg) ¥ HA== Z2F 1
6Cet 2,000MPa - so|t}, tlEo], Ze|mo] BAHd g
4 3713 WA Qlsl BaAeF ~ZAIE ARSI
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FH2N wEEl20)l BA| ZIE|EQLS] MM SRS
ot AQEzA W @ Hxst 27F 1.01g/em’e} 3,000
MPa - 591 o8 IS0 SHAS AgSIect, 24
AzAe U 9 aAgkfafo] 22k 1.48g/em’2) 39.8%
ol Zg)7}2E  Hpolycarboxylic acid, PC)A 25 AR
sigitt, A 9w 2 2¥Eo] 27} 2,60g/cm’ 2t
2.1721 sjAE ol&sklch

Table 1. Physical properties and chemical composition of
cementitious materials

Physical

Type of  properties
cement Density Fineness ..
(glom®) (cmPlg) SiO2 AlOs Fex03 CaO MgO KO SOs  LOI
3.15 3260 210 66 30 619 26 09 20 20
2.90 5089 102 16.7 13 50.8 14 04 155 37

Chemical composition (%)

OPC
URHC

Table 2. Mineral composition of cementitious materials
(%, by mass)

Type of
cement CsS CoS CiAsS CsA C4AF
OPC 431 279 - 1.2 85
URHC 16.0 16.0 30.0 3.0 6.0
Table 3. Properties of polymer used
Density Ayerage; Viscosity Glass transition
(g fomd) particle size (mPa-s) temperature pH
(um) (C)
05 100 2,000 16 6~8

Table 4. Mixture proportion of mortars for section jacketing of
existing members

Unit weight (kg/m°)

Specime W/B P/B DSP
Group ns (%) 5B (%) Water OPC UEH Pciym Sand (%) (%)
77777777 - C 0 21154700 O 0 1410 00 10

Gl-2 45 3 5 21154465 0 235 1410 0.0 05
G1-3 21154465 0 235 1410 02 05
G2-1 1645 4230 0 470 940 00 15
I G2-2 35 2 10 16453995 235 470 940 00 14
G2-3 164.5 376.0 47.0 470 940 0.0 25

WB = water to binder ratio by weight, S/B = sand to binder ratio,
AB = polymer-to-binder ratio, OPC : ordinary portland cement, UHRC :
ultra rapid hardening cement, V.A = viscosity agent S.P = superplasticizer
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Figure 1. Surface treatment state of existing concrete for
adhesive strength tests of the developed mortars
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A3} IF1olME BB 5% G1-2 vigke] E2971 235
mm=E 7Y =% 71 wiEel Co A8 E29+= 185
mmE G1-2 vikehe] oF 27% 3okt E2ju] AHE Ha
Ef29] 749 2| YAE9] £ Hlojy A8 E Eejuo
e AHEASA L] BARE ol SJal 5ol SR
Aog Ec7], vy, Em 9 FHAE A7kt
G1-38lge] 49-oll= 22971 185mmE 71 g}l C
o} gAlsgIch $hH G1-3 REEEE G1-2 HEEE9}
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Table 5. Summary of test results

Compressive strength (MPa)

Adhesive strength (MPa)

Group Specimens (F low
mm) 1 day 3 days 7 days 14 days 28 days 14 days 28 days
- C 185 13.2 18.8 225 23.6 29.2 0.17 0.28
| G1-2 235 10.7 17.8 19.3 19.8 20.3 0.43 0.51
G1-3 185 9.7 14.7 16.5 17.0 20.0 0.41 0.45
G2-1 250 7.2 31.3 39.9 40.1 445 0.77 1.02
I G2-2 220 13.0 16.9 31.2 34.3 355 1.05 1.20
G2-3 165 14.3 20.1 374 38.5 441 1.03 1.18
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Figure 2. Compressive strength development of mortars tested
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Figure 3. Normalized adhesive strength of each mortar
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Figure 4. Adhesive strength of the GIl-2 mixture at different
surface treatments of existing concrete
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(d) Adhesive

(c) Painting spread

(e) Chipping and
adhesives spread

Figure 5. Typical images after the adhesive failure at the
existing concrete surface
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Figure 6. XRD analysis results of repair mortar pastes
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