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Measurement of adhesion force of fresh mortar for
self-compacting performance of fresh concrete

Sho Sato

ABSTRACT

Fresh concrete with a high water-cement ratio that enhances economic efficiency has
low viscosity. Therefore, the separation of the mortar and the coarse aggregate
increases the contact friction between the coarse aggregates and has lower self-
compacting performance. In particular, when passing through the obstacles, only the
mortar flows first. The factors that separate the coarse aggregate from the fresh mortar
are a combination of deformation of the mortar and slippage between the mortar and
the coarse aggregate. Therefore, in order to evaluate the separation resistance of the
fresh mortar and the coarse aggregate, it is appropriate to measure the adhesive force,
which is the peel resistance of the adhesive that is deformed with respect to the phase-
relative movement direction of the fresh mortar and the coarse aggregate.

In this study, the viscosity of fresh mortar was used as two components, degree of
viscosity and adhesive force. Degree of viscosity is the flow resistance in mortar, and
adhesive force stabilizes the solid-liquid interface and mitigates the peeling of coarse
aggregate and mortar, thereby imparting deformation integrity. The adhesive force can
improve the separation resistance of the coarse aggregate without lowering the fluidity.
And mortar of composition that is advantageous for self-compacting performance can
be designed by measuring the adhesive force of the fresh mortar. Therefor adhesive
force of fresh mortar was measured by measuring the resistance when the rotor and
mortar peeled off by applying rotational viscometer that can easily quantify the viscosity.

In the peeling test by rotational viscometer, it was found that the degree of adhesion
to the rotor was greatly affected. Therefore, the degree of adhesion was secured by
rotating at 1.0 rpm for 300 seconds. After that, the adhesive force of the fresh mortar
was measured by causing peeling by increasing the rotation speed. Then, the peeling
strength depends on the peeling speed, and the effect of applying the adhesive force
by viscosity modify agent was confirmed at a rotation speed of 10 rpm or more. It was
also confirmed that VMA improved the adhesive force of fresh mortar at the peel
strength at a rotation speed of 100 rpm. And it was obtained that the effect of mitigating
the separation of the coarse aggregate due to the high adhesive force may be highly
effective at a high flow speed. If higher rotation speeds can be measured, it can be to

measure peel strength, which is dominated by adhesive force. It was also shown that



the funnel flow rate ratio Rm obtained by the mortar funnel test has a high correlation
with the adhesive force and degree of viscosity at high rotation speed.

In the gap passage test of fresh concrete, the high peel strength and degree of
viscosity by VMA improved the self-compacting performance. On the other hand, there
were similar formulations in which the peel strength and degree of viscosity, but the
self-compacting performance was significantly different. However, when comparing the
concrete surfaces after the gap passage test, it was confirmed that there was a

difference in the integrated fluidity of the fresh mortar and the coarse aggregate.
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TVB-15 JEAEEE# % V¢, [FfiE#FE 1.5 rpm  (0.25 mm/s), 3rpm (0.50 mm/s), 6
rpm (0.99mm/s), 10rpm (1.65mmi/s) (Z351F 2 FIBEIREE 2 HIE L=, VMA OFHNIC
B0 & 3 [ml i fE | & RIBEREE 13N L, VMA (2 K 5 EIBfE SR B oo ) B %h 503 10 rpm
THERTHZENTE (K—31), L2»L, ABHZ L > TUEIA— =R —/LZ &b
EfEZR T VIS ZFHITE T, ZOHBEREOZENS H O RIEME~DOREITEZRT 52
IR TH D LW L. (K—3.2),
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TVB-25 JEREEERHC & 0 IGE L7 REEE & RBEsRE ORatR 2 X —4.1, M—4.2, X—4.3
(SR, [EHRREEE RIS K0 E U7 RERE & RIEER S I3RS 5 <, ATl IC I 5
FEEEFFRE TH 0 2208 HAR T v —1fE (230 mm) K 0 FIBETREE 23 =0 - 72, 24U VMA
(2 K DREPEDAT HIIREEE LV KE SO GENREBR L TS Z L 2R LT D, KR,
[EIHAESE 100 rppm BRIZIE A LR 7 v —fE (230 mm) DOREEEITIZIERIE TH 0 7273 & F
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23



| Bt R B (Pa)

| Bt R EE (Pa)

300

[BlERRE - 20rpm
R2 =0.9595
200
100 B C
W/C=35% o
A ® ®
A(100g/md) _@
gy Mf230
0 70N /7w
0 2 4 6 8 10 12
fHE(Pa - s)
HM—4.1 [EEREE 20rpm B DFLE & FIBEE D BE &%
300
[E#5EE : 50rpm
R2 =0.9037
200 C
o
B
A ® OW/C=35%
o
100 A(100g/m3) @
® Omf230
BN
0
0 2 4 6 8 10 12

FE(Pa - s)
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4.2 HERDFEMEDFHERER & D LLER
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MO H DI B KON CILFIBETREE & K E N FIRRE TH o722, IHit T Rm X
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FEEEEEWABA H 0, EHREE S EVIE S ZoMBEIEEL o (K—4.11, K—
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A VOGTEERBIEZ I L CW D ATREMER H 0, Bk - ERFR CEED 7 Ly v a
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5.2 #hfIC L 2 BEHREE~ADMAL

SHIBERR B R OVKE RS, I HE B bE Rm 28 H M~ 8%, VMA OFEE
IV ARy 7 A ERESICENELEAT 7 70—l 670110 mm O CTH# L
7= (M—5.2, X—5.3, X—5.4), [RIH&HEEITHEE & 3L LCTREE DOREN TE 72
AIREMEDS R b A o 72 100 rpm & L7e, FIEETRE L UUEE, Rm AEWH DI EH R
HEITE o723, B & C TILHIEEFRE - K5EZ - Rm A FRRE THh 525 H O Itk R
ERENRD ST, —FHT, Ry 7 AR BE#goOa 7 ) — " NREZBHT DL, ClIAT
VTT =N REWVEATYH, HBEMBREALZNLE KL R THREILIZZ &b,
BXYbLEKENTHDAREMEEZG (K—5.5), Ny 7 A ERICHERRERIT, EH
S 300 mm TEEZES5~15 M THY, EEEIZAEL TWDHEM & T Z L OHEEE
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¥6%

[EIFRE HE R &0 G L 72 e K370 ) 2 B8 & L, 1.0 rpm T 300 F0fH][Elds
SEIRIS, FEREZ FR S EOREERIEEZ T Ly v a BVSIVORE T OER
feik & LI LT,

ABFFEDfiiam 2 LA TSR~ D,

1) SHIBETREE (XIS R (AR AT L, TVB-15 RS RETIE 10 rpm LA _E O [AI#RTH L ¢ VMA
(X0 FIEERE S M B U2 2 & BRER LTz, £7o, TVB-25 JEAREE G Cldlaliind &
100 rpm W52, VMA ICX VRIS T Ly v o B AZILORETNE L5 2 & &
BTHZENTE, £z, BHREEZ S SICERICTE AU, BiE 03 KA ER
T 5 HIBERE 2 HE T 5 a[getEn d 5,

2) [BISKEEEFHC L 0 JIE U 7= [BIEEREE 0 BL7p 2 KGR & FIBESREE D LLERIZ X 0, EkhE
TN K DB O3 BEHI 2 S XS EhE E OFRIC LV G2 Th 5 "Rtk 2 1572,
F iz, BAHOVIEFRBRIC X0 A5 DR T B Rm L @ B o Ry O
BIERR L [ OVKEFE & OFFIBA S @V 2 L 2R L, BRI ERF CEAD 7 Ly v aE
VBV DGy BRI O SRR & LTl Th D Z & AR LT,

3) VryvazmrsU—OHBEERERICEY, VMA ORINC XY {2 FeE M
Al 95 2 L 2Rl Uiz, RIBERE L ORERmW b OIEE H ORI & - T2
23, HIEETREE < REEILICFERE TH DA H CFREMEICRE REPLE L THHEREE D
bHZLrER Lz, =T, ZhbolBEoa s U — bREZHETD L,
Ty a® SN EREM O RREIMEICENE T TS Z L 2R LT, S
S R A R R P (SR & 2R 7B 0N AR UREAE ) D2 RS s % wIREMEN B 5 7o, [
Bt ad8 it 3 FE A 5 B8 L 7o RIEERE (X 5 REERBRIE OB S S B ORE TH 5,
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PBI N E CTEBEORMEDIR T LT &2 KTT 7 Y b r P~ VMA 723 T3 52
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6% 1.8),
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1822 Ly aEILZILOKTE & BEARRFRIER

— RNV Z LV ORI & AR BB IIABE S B E S b v, @V ERKL T
IR T, EZ L OF AWIRE 2N S iRt 2K T2 (KM—FfHk2.1), =0
TeORNEZ AT 535 VMA D3 AUWHBREE ~KIETREIC oW T, K—f18k 2.2 o—md
AWTEREREE & O CEIS LT O AWHRE 2 i U7z, Z OB, ShEAE 2
BHZEHA S CEONEIZEMIC 124 T SE, LB E TRO “BIZy N =wimNo
Ty aENE N ERETEAMERESESZ LICLY, 20 ETEROMIZAT
LEBENEZMETHHLOTHY (R—(1%23), 7Ly aar7 U — oM@
ICHEE T DM EMBLTRICAE LD EIS I FTO T by ¥ a B8 AW AT & 15
L72bDTHD,

BRIIARBREE 7Ly v aar 7 U — bolB@EEERR (R1EEOR Y 7 AR
BR) ORI S T Ly v 2 HAHFICA T BEIIIE 300 kPa FEEELLT & aa ST
729, Z Z CTARBFFETIE, i/ 200 & 300 kPa (2 CH AJMERE 2 HlE L (B — 1)
$k 2.4), EJEF 200 kPa TliE, A ZERINL7Z S O ABHRE A K & < BN L7223,
EFETHDHB & CERMUIZ S DOIXTHAWIREDHEINTA XV /hShofz, LvL,
EJ&S /) 300 kPa Tix, A ZRIML7Z S OB ARBREORMA/NSL, B & CEZE
L72bDIT A X0 b AWREN KE Lz,

BT T OR AWHRE & AR L0 JE L7zt & OBfRAZ LRI RT, BS 7
200 kPa (X, FIFEREIXEHRHE I X O THENE) o7 (K—f18k 2.5, X—fTk
26, M—f8k2.7), F£7z, PHELHENR (K-8 2.8, X—f1§%2.9, X—fI&
2.10), Rm FMHBEMEWZ L3 brotz (K—f16k 2.11), B 7) 300 kPa e, I
PREEITE TOMBEN S Y, mEESEE I SHEIE S 2o 7z (K — {18k 212, BK—FFgk
213, X—f14k 2.14), £77, KEEIT 20 rpm BAZAERIANE <, B EE |3 AR BE AME
Teotz (K—f18k2.15, K—f+#k 2.16, X—{18%£2.17), Lo L, Rm iZFEBAZME N
ZEWbools (K18 2.18),
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