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Abstract 

百le Committee conducted research to elucidate the current state of test me白ods to 

confirm白.e certainty of ∞ns佐uction execution. Availabilities of世le 旬st methods to assess 

白紙由e performan∞of placed concæ句協tually meets the designed pぽformance was 

investigated. Test methods to evaluate the property of concrete and 也eir adequate timing to be 

applied in each execution s旬ges were also researched. Furthermore， a questionnaire survey 

was conducted and summarized particularly regarding new 旬st methodsωevaluate 世le

properties of concrete and test methodsωconfirm if various specifications agreed upon 

before execution are actually secured. Field tests were conducted as well to investigate 白e

effect of execution on the in-situ qualities of concrete. 

Keywords: certainty of execution，∞ncrete in由e struct町e， filling capability， quality of 

cover concrete， quality旬st me也od

1. Introduction 

The performance of ∞ncrete in a built structure may not always meet the performan∞ 

requirements established at白.e design sta喜e. The limit state design method is assumedω 

consider possible differences by material factors. In actual cons位uction， however， efforts are 

m叫eωminimize the difference between the s仕en凶1 of specimens and血e m-sl旬S田n凶1 by 

careful execution in accordance with various guidelines at each stage of 仕組sportation，

placement， consolida加>8， finishing， curing， and formlshoring removal. In view of世le current 

design旬chnology and世le state of exωution， it is vi句1 to develop assessment test me白ods to 

accurately confIrm the achievement of 血e established specific岨ons at each sta喜e of 

execution along with由e development of旬chniques to determine detailed material factors. At  

也e s旬伊of form removal， for instance，江is important 白紙 the attainnIent of an in-situ 

compresslve S.仕印刷1 of 5 N/mm2 can be accurately confirmed by an appropriate test me血od.
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F'Or也IS reas'On，也e C'Ommittee aims旬ínvestigate世le current sぬIte 'Of quality assessment test 

meth'Ods required f'Or each stage 'Of executi'On， as well ω t'O elucidate白.e test meth'Ods to 

evaluate the property 'Of c'Oncrete and也.eir adeq回te timing t'O be applied in each executi'On 

stages， s'O鎚ω ensure 世le executi'On 'Of∞ncrete having the perf'Ormance in旬nded in也E

design. 

Table 1: Members ofthe Committee 

Ch副rman of Committ田 To血iki A'L正NO Okay田naUniversity 

Secr位置y of C町田n出回/
T四yo.hi MARUYA T羽田iCo:中or副on

Manag町 ofSubco血血抗tee

島1asarouKOJlMA T北町l8kaCo中町'ation

Manag町 ofSubco血血抗tee Kim血kaUlI Tokyo Metropolitan U凶V町.íty

Secr位置y ofS岨ibcommittee Keiichi IMAMOτ。 TokyoUniv町.ity ofSci曲目

Shinji URANO ShiD1Ìzu Ca中oration

Ken-ichirou NAKARAI Gu皿naUniversity 

Committee M，四b町 島直chito.hi IWATA Ea.t Japan Railway Company 

Yoshi直iK五ro 百.eUnivl田町ofTok戸

Takel宜。KAMAMOTO Nippon Expressway R国国民hIn.ti加担CO.，Ltd

To血血obu YAMAGUClll Kago.hima University 

Kazuhisa YODA Kajima Corporation 

JunLIANG T自由Ca耳目ration

Yoshiki UNO Sato Kogyo CO.，Ltd 

Yasumichi KOSlllRO ObayashiCo耳目r副on

Koichi TAKAHAS皿 E弘chiyoCon.u1tant CO.，Ltd 

量駄目。TANIMURA Taiheiyo Cement Corporation 

Ma岨ki OHSlllMA BASFPoz回目白Ltd

Shu加keKUROIWA T自由Ca耳目ration

Kuniaki SAKURAJ ObayashiCo耳目r副on

回sa.hi SUGIYAMA Building Re.earch Institute 

回roぬiWAT.瓦NABE Public Works R国間chIn鉱山te

Table 1 lis臼也e c'Ommittee members. C'Oncretes having也e same slump may sh'Ow 

different resis刷ces t'O segregati'On， passabilities伽'Ough spaces between reinf'Orcing bars， etc. 

W'Orking Gr'Oup (WG) 1 f'Or ad叫U蹴出t meth'Ods f'Or∞ncæ旬 perf'Ormanωassessment

(Manager: Kimitaka Uji) c'Onducted research 'On the test meth'Ods prop'Osed f'Or selecting 

adequate mixture prop'Orti'Ons 'Of c'Oncrete and instances 'Of reflecting也e res叫tsωexecuti'On.

WG 2 f'Or pe由m組印assessment bωed 'On executi'On meth'Ods仰anager: M郎町'O�吋mゅ

investigated test me世l'Ods t'O appropriately assess the required perf'Ormances at the stages 'Of 

∞ns'Olidati'On， c町田g， 組d f'Ormlsh'Oring rem'Oval， including 也e p'Ossibility 'Of simple 
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additional tests. WG 3 for comparison wi由 旬st methods overseas (Managぽ Tsuyoshi

M旧同∞nducted a s町ey on白e c間制御1e of tec加iques overseas for testing 也E

qualities of concrete during execution to clarify the di島:rences between foreign and J apanese 

s旬n伽rds.

百le Committee also conducted a questioffilaire survey on test me血ods to confrrm 

whether the various specifications established before execution are ac佃ally ens町'ed，

partic叫arly regarding世lose originally developed in respective companies and也ose practi∞d 

based on experience. Execution tests were ∞nduc旬d as well， assurning 也e case哩w1也or

wi世10ut adequa旬 execution carried out based on concrete quality assessment test results.百le

committee activities also inc1uded tests on∞1= and wall members to investigate也e effec包

of execution me世lods on由e qualities of concrete in世le structure. 

2. Requiremen飽of standardslguidelines and their backgrounds 

百lÎs section describes the requiremen臼rela旬d to the qualities and execution of concrete 

in civil engineering and archi旬C旬ral fields as well as their grounds and backgrounds. Table 2 

gives the requirements related to execution in both fields 百le requirements for 也E

workability， placement， and c町ing of conCTe"ぬspecified in JASS 5 in the architectural field 

are introducedωan exanlple as follows: 

As ω 由e proportioning conditions， the maximum water-cement ratio (yV/C) and 

minimum cement ∞ntent are specified to ensure the required perform組問inc1uding

workability and uniformity. For normal portland cement，由e W /C and cement content are 

required ωbe not more也an 65% and not less也an 270 kg/m3， respectively. The requirement 

for the time limit企om 由e beginning of mixing to the end of placing was established to 

prevent large difference in the slump and air content over time. 

The time limit between two layers of concrete was established，企om the value of 

penetration resistance in the range of preventing a cold joint，ぉ也e time during which 

re-vibration of pre∞ding concrete is possible. For consolidation， the vibrator is required to be 

inserted vertically， wi也the tip reaching below the surface of the preceding layer， until the 

paste appears on 由e surfaιe of the placed layer. The insertions should be distributed at 

intervals not larger白血60 crn， which was established based on the radius of influence of an 

m旬mal vibrator with a nominal diameter of 45 mm. 

F or curing， the sheathing retention time， moist curing， and curing 旬mpera佃re are 

specified. Moist cu出19 includes covering wi白sheathing， watering/spraying， and 白e

application of a curing compound， for each of which 世le curing period is specified. When 
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concrete s出ng血reaches 10 N/mm2， curing may be terminated even before the end of the 

specified curing period. The curing periods were es旬blished because the s出n併1

deve10pment is inhibitedωa greater extent and carbonation is acce1erated箇也e ear1y moist 

curing period decreases. However， if a s仕'en凶1 of not 1ess由加10 N/mm2 is ensured，世len the 

subsequent s仕en併1 deve10pment and carbonation d巴:pth will become comparab1eω也e case

with a sheathing retention time of 7 days. The time to form removal， which is included in由c

moist curing period， is specified for each cement type and mean回nperature range. When 也e

S仕ength reaches 5 N/mm2， sheathing may be removed even before白e end of世le specified 

retention period. This is the minimum s出ng由 to be resistant to ear1y frost damage and 10ads 

and impacts企om subsequent construction work. After removing shea白血g， watering!spraying 

shou1d be continued unti1 the end of白.e specified moist curing period. Shoring shou1d be 

removed after confirming白紙切inment of由e design s出n酬1ωprevent deleterious bending 

cracks/det1ection. The curing旬mperature is stipu1ated in Artic1e 75 (Curing of concrete)， 

Order for Enforcement of the Building Standards Act as“百le concrete temperature shal1 be 

maintained at not 1ess than 20C during p1acing and for five days after placing， and concrete 

shal1 be cured so白紙也e se組ng and hardening of∞ncrete wou1d not be impaired by合ymg

and vibration." It has been proven白紙concrete made of normal port1and∞ment can achieve 

a s位ength of 5 N/mm2 in five days， if its temperature is maintained at not 1ess世lan20C

Tab1e 2: Requirements related to execution 

Item Requirement 
JSCE Workability A standard slump is speci宣ed depending on the 
Standard cross'sectional area and bar arrangement. 
Spec. Placement Drop distance: 1 . 5皿

Depth of a layer: 40 to 50 cm 
Maximum time between layers: 2.5 h with an outdoor 
air temp. of 250C or less， 2 h with an outdoor air 旬mp.
回目eding 250C 

Consolidation Intervals between vibrator insertions: 50 cm 

Depth of insertion: 10 cm into the preceding layer 
Vìbration time: 5 to 15 sec 

Form retention period Until a ∞皿pressive strength of 3.5， 5， or 14 N/mm2 is 
achieved depending on member type 

Moist curing A period is specified for each cement type. 

JASS5 W/C Maximu血 value ofW/C 
Cement content Minimum value ofcement content 
Ti血e li血it企om Within 2 h with an outdoor air 旬mp. of less than 250C 
血ixing to the end of Within 1.5 h with an outdoor air temp. of 250C or more 
placement 
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Consolidation Intervals between insertions: Not more than 60 cm 
Apply vibration until paste appears on the ∞ncrete 
surface 
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τ1皿e li血it between As a rough郡且de， 2.5 h with an outdoor air temp. of less 
layers than 250C and 2 h with an outdoor air temp. of 250C or 

more， assu血ing a transportation time of 1 h 
Sheathing retention Sheathi且E・A specified period or not less than 5 N/mm 2 
period Shoring: Not less than the design strength 
Moist curing A speci五.ed period or not less than 10 Nl血血2
Curing temperature Maintain the ∞ncrete temp. at not less than 20C for 5 

days or more after placing 

3. Quality assessment test methods for concrete during execu舗on

3.1 Quality assessment methods employed for proportioning 

Concrete is roughly classified inω由民e types 企om the aspect of fluidity and 

deformability: normal concrete， high fluidity concrete， and (ex甘emely) stifI consistency 

concrete， with test me也ods being proposed to assess their properties. Table 3 shows the 

assessment test methods for the filling capability of normal concrete (fluidity and segregation 

resist組問) as an instance， inc1uding those e:油acted from 也e responses旬the questionnaire 

conducted by the Committee.百le fluidity is assessed by applying vibration or impact. Refer 

to the Committee Report for details 

Methods of assessing the filling capability of cement grout mortar， which has been used 

ぉ a filling material for various uses， have been proposed and put旬practical use. The fluidity 

of grout for pres田ssmg concre旬， for四回ce， is assessed by 也e J -funnel test specified in a 

JSCE standard， while it is assessed in NEXCO， for instance， by its original test me也ods

ぉsummg 也e cons飢Jction ∞nditions of actual s佐uc.旬res.

Table 3: Fluidity/segrega舗on resistance test (normal conc問te)

τyPe τ'est method 
Vìbratory U"shaped直lling apparatus + spud vibrator 
methods Box"type tester for passability through spa田s+ spud 

vibrator 
L"shaped flow tester + spud vibrator 
Shaking L"shaped flow tester 
Box"type apparatus + spud vibrator 
Vìbration flow tester 
Passing t四t through flow"blocking bars on slu血p board 

Impact Spread (DIN flow) 
methods τ'amping， etc. 

3.2 Acceptance inspection of fresh concrete 

The prerequisite for a test me由od to be adopted for acceptanωinspection is a capability 
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3.4 Strength confirmation for permitting form removal and terminating curing 

71 

S位ength confrrrnation tests are classified into 白ree types: nondes仕uctive methods， 

semi -destructive methods， and methods using indirl巴ct specimens. In白is section， those newly 

studied and developed recentIy are briefly in甘oduced.

Scratch testing 4)， which is cl箇sified into批nondestructive group， is a method wh巴reby

the surface of concrete is scratched with a constant force using a simple tester to assess the 

concre旬 s出n割1企om the width of the scratch.百le investigation so far has revea1ed也at也e

c質量cts of cement type， W/C， and concrete age蹴relatively weak. 

Pene位.ation tests， which fa11 in the semi -destructive ca旬gory， began with the ECL me也od

in shield tunneling. Attempts are currentIy being made to apply由is method to the judgment 

of the time for formlshoring remova1 from secondary lining ∞ncre包for mountain加mlels. In 

由is method， a pene仕ation testing machine is pressed onωconcrete under a force of 300 N， 

and the diarneter of the resulting inden凶on is measured to 副mate the∞mpresslve s出n抽

There is another method whereby the s位.ength is estimated企om the relationship between 世le

compresslve s出n酬1 and 世le Windsor pin penetration resistan∞va1ue. Though也is method 

was origina1ly developed for low s仕eng白 old concrete， it is reportedωbe applicable ω世le

judgment of the time for formwork remova1 at an early age. 

In the BOSS但roken off specimens by splitting) specimen method， which is a method 

using indirect specimens， rec箇ngular solid‘BOSS' specimens molded simultaneously wi白

白e structura1 concrete are split合om血e structure and subjectedωqua1ity testing.百le benefit 

of也ls me白od is direct inspection of the in-situ concrete without darnaging the structure. The 

problem of repairing血e s甘ucture after t紘ing specimens is margina1 

時pe
Non.destructive 
8emi.destructive 

In也rect specinlen 

Table 4: Strength confirmation tests 

τ'est method 
Ultrasonic pulse velocity test， rebou且d test， scratch test， etc. 
80氏coring， drilling， penetration test， Windsor pin penetration test， 
etc. 
Method using sealed specimens， method using B088 specimens， etc. 

3.5 Confirmation of properties after hardening 

Table 5 lists tl巴st me世lods applicable to ∞nfirmation of the cover depth and qua1ities of 

cover concrete 0由er白血1 stren凶1.

Air permeability test methods for confirming 也e qua1ity of cover concrete include 世le
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drilling me血'Od in which a sma11 h'Ole is合illed in c'Oncrete， capped with a plastic plug， and 

depressurized to d巴:termine世le time required f'Or the press町'e change;也e single and d'Ouble 

chamber meth'Ods in which the chamber is depressurized t'O determine勘time required f'Or 

也e pr'凶S町'e change. 

Water abs'Orpti'OnJwa加permeabi1ity te由include the surface meth'Od w抽sp'Ontane'Ous

water abs'Orpti'On; dri11ing meth'Od with sp'Ontane'Ous water abs'Orpti'On; and pressurized water 

permeabi1ity meth'Od.百le surface meth'Od/sp'Ontane'Ous water abs'Orpti'On is a meth'Od in which 

an acrylic cap is attachedω世le c'Oncæ旬surface and a hydraulic head pr'巴ssure is appliedω 

grasp the water-abs'Orbing property 'Of c'Oncrete. The drilling meth'Od with sp'On旬ne'Ous water 

abs'Orpti'On is a meth'Od in which the water abs'Orpti'On 'Of c'Oncrete is assessed by the time to也E

specified water abs'Orpti'On由rough a dri11 h'Ole. Drill h'Oles used f'Or air permeabi1ity testing 

can be used f'Or 血is meth'Od. The pæssurized water permeability meth'Od a1s'O uses a合illed

h'Ole and in甘口duces pæssurized water int'O a surface chamber t'O ca1cu1ate the water 

permeability c'Oe血cient 'Of∞ncrete. 

Table 5: Tests to c'Onfirm the prope凶ies after hardening 

τ旨pe Test method. etc. 
Curing of Standard cu封ng， seal curing on site， water curing on site， etc.， to the 
specunens specified ages in consideration of the scale of the structure a且d construction 

environment 
Quality of Air permeability t四ts (drilling method， single chamber method， double 
cover concrete chamber method)， water absorptionJpermeability tests (surface method + 

natural absorption， drilling method + natural absorption， pressurized water 
permeability method)， etc. 

Cover depth Electromagnetic induction method， electromagnetic wave radar method， etc. 

4. Experiment 

4.1 Outline of experiment 

Vari'Ous test meth'Ods 白紙are c'Onsidered effective in eva1uating the properties 'Of企esh

c'Oncrete and changes in the qua1ities 'Of hardened c'Oncrete due to p'Ost-pla∞ment executi'On 

c'Onditi'Ons weæ selected企om也e literature and the results 'Of the questi'Onnaire survey.百lerr

applicabi1ity was examined by the f'Oll'Owing tw'O series 'Of experiments 

In series 1， test meth'Ods也at are c'Onsidered effective in eva1uating也e properties 'Of企esh

c'Oncrete during materia1 selecti'On and prop'Orti'Oning were extracted. Their effectiveness was 

酎sessed by applying them to fresh c'Oncretes prop'Orti'Oned wi白tw'O levels 'Of slumps and 

白ree levels 'Of c'Onsistencies: standard， visc'Ous， and rough 

In series 11，世le ab'Ove-menti'Oned c'Oncretes wi白different fresh properties were placed in 
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forms for column and wa11 members and subjectedωdi飴:rent conditions of consolidation， 

form remova1， and curingωexamine if various test me世lods can detect tbe resulting changes 

in their qua1ities. A1so， test methods proven to be simple and to provide effective results were 

applied to由e acceptance inspection for series 11 to assess the properties of企esh concrete 

delivered企om a ready-mixed concrete plant. 

Table 6 lists the factors and levels of experiment in each series. The s刷dard， viscous， 

and rough consistencies of fresh concrete were adjusted by changing the ratio of fme to coarse 

grains of fine aggregate and tbe ratio of fme aggregate to tota1 a呂gregate.

Table 6: Factors and levels of experiment 

Series Factor Level 
1 ，  II Slump 8cm ， 18cm 
1， II Concrete consistency Stand訂d， viscous， rough 
II Member type and bar Column: Main bars: D25 bars at 100 and 150 mm 

arrangement spacmg 
Wall: Horizontal and ve此ical D 13 bars at 150皿皿
spacml( 

II Consolidation time 5， 10， 15 sec 
II Demolding age 1 daぁ3 days 
II Duration of皿oist目立lng τb demolding age， 7 days 

4.2 Assessment of test methods for fresh concrete employed during material selection 

and proportioning (series 1) 

Tests in series 1 were conducted in a laboratory using a forced mixing-type mixer with a 

nomina1 capacity of 200 liters. Tables 7 and 8 give世le test metbods ooder assessment and 

m区制re proportions， respective1y. 

Figure 2 shows the relationship between tbe energy imparted ω concrete by 

consolidation and the degr'回of consolidation. When compared by the energy required to也e

completion of ∞nsolidation (degree of consolidation: 99.5%)， concrete witb a standard 

consistency required the lowest energy， followed by ∞ncrete with a vis∞us consistency and 

that with a rough consistency in this order for bo白t釘get slmnps. It is tberefore foood 白紙由c

energy required to obtain densely consolidated concrete widely varies depending on 也e

materia1 and mix旬re proportions. 

Test metbods were tben assessed as to how tbese differen∞哩in the properties of co岨α'ete

眠expressed by each method， as well価値le simplicity of judgment and time required for 

testing. Fig阻re 3 shows typica1 scenes of testing. The assessment results of白，e test me也ods

町'e smmnarized in Table 9. 百le加t metbods expressed tbe differences in也e prop剖ies of 

fresh concretes oodぽtest due to differences of tbe materia1s and mi羽田'e proportions企om
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various aspects， such as viscosity， passability世田ugh reinforcing bar spaces， and pronenessω 

segregation. Refer to the Conunittee Report for details of白e applicabi1ity of these test 

methods 

Table 7: Various tests conducted 

Test tYJJe τ'est method Series 
Fresh Basic tests Slump test 1， II 
propertiesl Air content test 
Fil且ng Slump flow test 
capability Assessment U'shaped畳llinl!" devise +叩ud vibrator I 

tests for L'shaped flow tester + spud vibrator 
fluidityl Passinl!" test throul!"h obstacles on slump board 
segregation 合Rotational vis∞meter 
resistance Vìbrated L"shaped flow test 1， II 

Spread (DIN flow) t硝t
Passabilitv t四t (box tYJJe)/sel!"rel!"ation test 
Vìbration flow test 
Tampinl!" flow test 
合Consolidation e田r肝test

Tests for Filli= detector II 
filling *Vibration acceleration of concrete in member 
capabilityl 合Unfilled area ratio on formed member surfaces 
consolidation *Core density/aggregate area ratio/void 

nercental!"e 
Place皿ent" Strength Scratch test II 
induced confirmation Compressive strength of specimens 
changes in for demoldingl Various tests on drilled cores 
performance t

c
e
u

r
n

m
E

i
E 
nating 

Qualities of Rebound test 
structure Various tests on drilled cores 
(cover 合Pore siz怠distribution
concrete) Air permeability Cτbrrent method， single 

chamber method， drilling method， RILEM 
method) 
合Accelerated c唱rbonation test 

Cover depth Electromagnetic induction method 
Electromagnetic wave radar method 
合Chipping test 

Table 8: l\'但xture propor姐ons used for tests 

Mixture Concrete τ'arget τ'arget air W/C (%) Fine"total Unit water 
No. type slump content agg. ratio content 

(cm) (%) (%) (kg/m3) 

1 Standard 8 4.5 57.5 46.0 285 
2 Vìscous 46.0 
3 Rough 42.5 
4 Standard 18 46.0 313 
5 Vìscous 46.0 
6 Rough 42.5 
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Figure 2: Consolida姐on energy test results 

Figure 3: Views of tests 

Table 9: Assessment of test methods for fresh concrete 

Subject Measurement index Applicable mi:xtures 
制。)

Vìs∞sity/ Degr田of spread by 1，2， Suitable for 
workability ímpact 3，6 small slump 
(ease of 1，2，3 

75 

3 

τíme 
required 

出血)
。

20 
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L'shaped flow 
+spud 
vibrator 
Vìbrated 
L'shaped flow 
Vìbration 
flow 
U'shaped 
宣lling device 
+spud 
vibrator 

Simple 
placeability 
assessment 
by passability 
test through 
flow obstacles 
Passability 
through 
spa，田sæox
type) 
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consolidation) Time to flow or deform Di血cult to 
to a speci直ed distance obtain a speci直c
under vibration tendency 

1，2，3 Suitable for 
small slump 

4，5，6 Suitable for 
large su血P

Passability τ'ime to a speci直ed Di血cult to 
through height through rebar conduct， as 
rebarsl obstacles， spread under many míxtures 
segregation speci五.ed vibration， do not reach the 
resistanc怠 passing speed spe唱i.fied height 

Changes in coarse 1，2， Applicable to 
aggregate cont四t in both small and 
addition to the above large slumps 

4.3 Exec凶on tes飽阻sing concre附having different properties (series II) 

10 

7 

7 

10 

25 

30 

For the execution tests in series 11， concretes were produ∞d at a commercial ready-mixed 

concre旬 p1ant using the same materials and mixture proportionsぉseries 1. Co1umn 

specimens with a shape and dimensions shown in Fig. 4 were p1aced using 8 cm-s1ump 

concretes with a standard， viscous， and rough consistency (∞1umnsA， B，組d C， respective1y) 

Wal1 specimens with a shape and dimensions shown in Fig. 5 were p1aced using 18 cm-s1ump 

concretes w抽a standard， viscous， and rough ∞nsistency (wal1s D， E， and F， respective1y). 

After being su句ected to批tωts for也e fresh properties se1ected based on the res山of series

1， concretes were p1aced in each form in世間e 1ayers using concrete buckets. For consolidation， 

a high frequency in町田1 vibrator 45 mm in diameter was inse巾d after p1acing each 1ayer and 

operated for 5， 10， and 15 sec for the frrst， se∞nd， and third 1ayers， respective1y. 百le test 

methods given in Table 7 were conducted. During the ∞nso1idation process，血e vibration 

acce1eration was measured， and the state of filling and consolidation were checked using the 

filling sensors fixedωreinforcing bars beforehand. When conso1idation was comp1e旬d，也E

state of filling was non-des甘uctive1y examined企om由e outside of the forms. Part of the test 

resu1ts are presented in the following sections. Refer to也e Committee Report for detai1s 
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Acceptance inspection of fresh concrete (1) 
assessment by new test methods of 企esh concrete results Figure 6 shows typical 

conducted at仕le time of delivery. The differences in白e properties of concretesラdespite白c

same slump and strength， due to different materials and mixture proportions were expressed 

by these tests. The results of placing in terms of the unfilled area ratio and concrete qualities 

were then examined in relation to the as-delivered properties of企esh concrete obtained in the 
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acceptance tests and the placing conditions (consolidation time and spacing). 
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Figure 6: Evaluation test results of concrete at acceptance inspection 

(2) Confirmation of consolidation/filling 

Figs. 7 and 8 show typical appearances of fabricated specimens and the unfilled area 

ratios of layers consolidated for di旺erent lengths of time， respectively. The unfilled area ratio， 

which is the ratio of the sum of the area of projection with no concrete and the area of 

honeycombsラwas determined企om binalized images made by marking the unfilled area whi1e 

checking the actual surface. In column specimens with a slump of 8 cm， the unfilled area ratio 

was greater in the first layer with the shortest consolidation time， but this is not necessari1y 

the case with wall specimens with a slump of 18 cm. This can be because the vibration for 

consolidating upper layers was propagated through the forms， a民cting the state of 

consolidation of lower layersラas concrete with a large slump can be filled with a low vibration 

energy. 
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Despite the same consolidation conditions for a11 consistenciesヲthe rough consistency 

concrete led to the largest unfilled area ratio， followed by the viscous consistency concrete 

and standard consistency concrete， in this order， regardless of the member type (slump). 

Figure 9 shows the relationship between the time to 500 mm flow by vibrated L-flow testing 

and the unfilled area ratio on the specimen surface as an ex創nple of the relationship between 

the fresh properties and the filling ratio. In regard to the present specimen size and 

consolidation conditions， it was found that an 8 cm-slump concrete with a time to 500 mm 

flow of around 10 sec and 20 sec can be thoroughly filled to form surfaces of a column by 

consolidation for 5 sec and 10 sec， respectively. Also， an 18 cm-slump concrete with a time to 

500 mm flow of around 8 sec can be thoroughly filled to the form surfaces of a wall. 

Figure 10 shows typical results of sensing the state of filling through the form surface 
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Sensing w鎚∞nduc旬d at specified 

appear田ces of the poin臼were visua1ly observed after hardening to∞mpare wi也 the飴st

組d 由epoiots， after c唱nsolidationimmediately 

80 

results. As a result，也e nondes甘uctive sensing agreed wi白 白e visua1 observation by a ratio 

回目eding 90%， proving to be capable of judging血.e s包te of concrete filling. 
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Confirmation ofstr可ength development 

The judgment of伽柑'en酔for form remova1 is genera1ly made by confirming由at由e

strength of cylin企ica1 specimens w:協同町'ed or sea1-cured on site exc悶ds 5 N/mm2• h1世le

(3) 
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present experiment，世le s'出ngths f'Or f'Orm rem'Oval and terminati'On 'Of curing w悶c'Onflrmed

by using a ‘scratch tes旬r' prop'Osed by the Japan S'Ociety f'Or Finishing Techn'Ol'Ogy al'Ong with 

s出ngth testing 'On cylindrical specimens seal-cured 'On site. A scratch was made 'On由e side 'Of 

each seal-cured cylinder bef'Ore strength 旬sting ω exanllne也e relati'Onship between 也E

scratch width and白c'Ompressive s出ng世1. As a s'加ng c'Orrelati'On was c'Onflrmed between 

them， scratch tests were applied to the surfaces 'Of the c'Olurnn and wa11 specimens t'O 白timate

世le s町face s回ng白， with the resu1ts being sh'Own in Fig. 11. When c'Ompared with the 

c'Ompresslve 紺印刷1 'Of c'Ores dri11ed企om白.e upper p'Orti'Ons (ne紅白Eωn旬:rs 'Of也E由ird

layers)，白e s位en耕1 estimated fr'Om the scratch， i.e.，世le s町face s位en併1，was slightly l'Owぽ.

This agrees with印刷dency 'Of c'Ompressive s出n帥distributi'On fr'Om也e surfa∞inward 

determined using c'Ores 25 mm in diameter. 百lÌs meth'Od 'Of estimating the c'Ompressive 

s出n凶1企'Om a scratch width can be effectively utilized， as it provides the s国ng也 'Of

c'Oncrete surfaces， which sh'Ou1d be assessed in 白e judgment 'Of the time f'Or f'Orm rem'Oval and 

all'Ows a c'Onservative judgment f'Or the terminati'On 'Of curing 

Figure 12 sh'Ows the c'Ompressive S'出ngth 'Of c'Ores dri11ed企'Om 世le centers 'Of specimens 

in rati'Os旬也e s出n酬1 'Of seal-cured specimens.百le s出n凶IS 'Of theωp and middle layers 

were l'Ower than th'Ose 'Of the b'Otωm layers in b'O白 c'Olurnn and wall specimens. In the present 

旬由， the c'Ompressive s出n凶1 was affected m'Ore by densiflc組'On und巴r血.e weight 'Of 血e

upper layers than by the c'Ons'Olidati'On time.百le relati'Onship between the c'Ons'Olidati'On time 

and the c'Ompressive s田ng由 theref'Ore remained unc1ear. 

百le differences in白surface c'Oncrete s出ngth due t'O differences 'Of f'Orm rem'Ova1 time 

and curing were investigated by drilling c'Ores 45 mm in diameter and 90 mm in length fr'Om 

由e surfaces凹g. 13). When c'Ompared in rati'Os t'O白s出n割1 'Of c'Oncl1出stripped at an age 

'Of 3 days and cured t'O an a喜e 'Of 7 days， the s位'en凶IS 'Of surfaces with curing (surface ii 'Of 

c'Olurnns and surface iii 'Of walls) were high紅白an th'Ose 'Of surfaces with'Out curing (s町face i 

'Of c'Olurnns and su由ce ii 'Of walls) b'O血 in the c'Olurnns and wa11s. C'Oncrete surfaces wi也 and

with'Out curing were 由us f'Ound t'O lead t'O different s町faιe s飢川町es， reaffrrming 白c

imp'Ortance 'Of early c町mg.
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Qualities of cover concrete (4) 

The effects of the properties of企esh concrete and the execution method on the qua1ities 

of cover concrete were investigated企om the aspects of surface air permeability and strength 

propertles. 

According to the estimation by scratch testing， the compressive s甘ength of the concrete 

with a standard consistency (A and D) was the highest， followed by a viscous consistency (B 

and E) and rough consistency (C and F) in this order both in columns and wa11s. This 

tendency agreed with the tendency of the unfilled area ratio. Figure 14 shows the relationship 

between the compressive strength estimated by scratch testing and the surface air permeability. 

When tested by the Torrent method and single chamber method，世le estimated compressive 

S仕ength roughly tended to decrease as the air permeability increased， though with a slight 

scatter. 

Figure 15 shows the relationship between the compressive strength estimated by rebound 

The test results of the medium layer and the surface air permeability. hammer testing 

consolidated for 10 sec are shown to represent each specimen. According to rebound hammer 

testingラthe compressive strengths of wall specimens (D to F) were lower than those of 

column specimens (A to C) regardless of curing. This agrees with the tendency of the 

compressive strength of drilled cores 100 mm in diameter. Correlation is recognized between 

the air permeability coe:fficient of columns by the Torrent method and single chamber method 

and the estimated compressive s仕ength， whi1e no particular correlation is found for wa11 

specimens or the data by the drilling and RILEM methods. 
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of quality showed the possibilities senes two the experiments in the Accordingly， 

assessment tests to detect企esh concrete properties that have not conventionally been assessed 

will These conditions. of execution differences 

contribute to ensuring certainty of execution. 
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Figure 15: Relationship between air permeability by different test methods and 

compressive strength estimated by rebound hammer test 

Comparison between test methods in Japan and abroad 5. 
Various test methods have been established to inspect concrete at the stages of production 

and acceptance as to whether or not the concrete will meet the performance requirements set 

at the design stage during execution and after hardening. In J apan， most such test methods are 
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specified in ns. Standards and specifications of respective countries， conununities， and 

groups of related coun凶ωare also available overseas. Meanwhile， the recent globalization 

has been advancing the ongoing deve10pment of ISO s旬ndards， wi也 efforts being made to 

maintain consistency between ISO and local standards including ns. Eurocodes have also 

been developed in Europe. Differen∞s still exist among these standards. 

In由is section， similar standards overseas are compared with ns requirements in regard 

to six test methods for evall抽出g血e performance of fresh concrl出，血order to ana1yze 白e

differences among these standards. Standards under analysis are ASTM (American)， EN 

(European)， and ISO (intemational). It was considered appropriateω comp紅白 these m句or

蜘n伽rds of developed countries，ωmany developing coun廿ies use世lese stan伽rds. Note that 

也is investigation follows ns's method of comparison，ぉns explicitly 旬b叫a回 comparlsons

between JIS and ISO. 

(1) Sampling 

百le JIS， ASTM， EN， and ISO standards were compared in regard to the method of 

sampling concrete百ough wi白 slight differences in values among the s回dards， po帥to

consider in concrete sampling are sununarized in conunon悩follows: Use sampling 

appara:佃ses made of non-wa:旬:r-absorbent rnaterials; take multiple portions企om separa:旬

points to form a represent刻ive sample; take a sufficiently larger amount of sample 世lan

required for testing; and carry out the 回t immediate1y after sampling to prevent quality 

changes over time. 

(2) Slump test 

At present， slump tests are most widely usedωrate由e conSlS加lCy (so釦less， fluidity) of 

concrete. A comparison among ns， ASTM， EN， and ISO reveals di飴rences m也e scope of 

application， method of filling concrete， time for li創ng the slump cone， and slump measuring 

point. 

(3) Vebe test 

A Vebe test， which is a method of evaluating 世le consistency of企'esh concre旬， was 

provided in BS. No similar test method is available in JIS. Fresh concrete is molded wi也 a

slump cone set in a larger cylindrical container. Afler the cone is raised similarly to normal 

slump testing， a clear disc is placed on旬Ip of白.e concre旬， and世le timeωremolding of也E

concrete in世le cylinder under vibration f拘置n the table is measured. EN and ISO include 

nearly the same Vebe test methods 

(4) Consolida伽n factor test 

Consolidation factor testing， which is one of也e methods of evaluating也e consistency of 
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企'esh concrete， was provided in BS and NFσrench) but is not included in ns. Concrete is 

filledω世1e top edge of a specified con旬iner and subjectedω consolidation by vibration from 

也e shaking table or an intema1 vibrator until the reduction in the volume of concrete se凶es

The distan∞of subsidence is measured to ca1cu1ate世1e consolidation factor. 

(5) Slump ßow test 

Slump flow testing is more widely used世1an slump testing for由e consistency eva1uation 

of high t1uidity concrete and high s回ngth concrete. The methods of t1ump flow testing are 

standardized in ns， ASTM， ISO， and other standards. In ASTM， a slump ∞ne is used both in 

a norrna1 manner ♂rocedure A) and inver.ted ♂rocedure B). 

For the consistency eva1uation of concrete with a slight1y large slump， flow table testing 

(a1so referred toωt10w testing， spr'巴叫tes出g，組dD町自ow回ting) developed in Gerrnany 

is standardized in European co皿住ies but not included in JIS 

(6) Bleeding test 

B1eeding testing to measure 世1e amount of bleeding water企om concrete is standardized 

in ASTM and ns. When comparing both， a difference is found in the m巴thod of filling 

concrete in由E加t container. ASTM includes a method in which a concl1出sample is plaιed 

in the container by vibratory consolidation (Proced町'e B) in addition to a method of filling 

concrete using a tamping rod similarly to JISσrocedure A). 

As stated above， comparison was made be阿民n Jap組ese and foreign test me血ods，

revea1ing白紙simi1ar methods may vary in details. This su自白ts a possibi1ity白紙the resu1ts 

of test methods wi白the same name can have different meanings. A1so， techniques of 

eva1uating白consistency of fresh concTe'旬 include Vebe testing and∞nsolidation factor 

回ting，which are not provided in ns. Th叩gh slump testing has been widely used in Japan as 

a simple index to the ease of ∞ncrete placing， slump may not be sufficient for adequate 

assessment depending on 由e m区制re proportions. It is 血erefore necess紅Y to devise test 

methods白紙can incorporate由e actua1 si旬ation of materia1 availabi1ity in consideration of 

旬st methods overseas， as wellωto investigate the standard va1ues. 

6. Questionnaire survey on the test methods for confirming the certainty of execution 

In actua1 execution， efforts are made not only to prevent defects but a1so to ensure由e

qua1ities of concr，由in actua1 s飢JC旬res by meticulous forrnu1ation of an execution plan and 

execution control in accordance with various guidelines. It is hoped that techniques to ensure 

白qua1ities and secure“印刷nty of execution" on山job site will be developωSuch 

techniques will enable engineers to accurately confirrn the fulfillment of the requirements at 
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each stage of execution. At the time of form removalラ for instanceラthe development of a 

technique to confirm that the in-situ s仕ength has unfailingly reached the required compressive 

strength is anticipated. 

With由is as a backgroundラthe Committee conducted a questionnaire survey regarding 

new test methods for assessing the properties of concrete and confirming if the various 

specifications established before execution are actually secured. The questionnaire askedラfor

each control item， if the respondents employ test methods originally developed by respective 

contractors or purchasing organizations (including those eventually adopted and included in 

the guidelines of academic societies) or those practiced based on experience. The resu1ts were 

analyzed to grasp the current situation of test methods actually conducted for appropriate 

quality assessment necessary for each stage of execution. 

Among the 37 responses obtained， the number of test methods originally developed 

(including those included in guidelines) was 28. The other 9 answered that they carry out 

normal test methods for unloading/acceptance instead of original methods. Figure 16 shows 

the numbers and percentages of respondents by the pu中ose of testing. 
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In regard to企図h concre旬， rnany respondents answered也at也ey ernploy their own旬st

rnethods for qua1ity assessrnent at世le stages of tria1 rnixing and proportioning. These include 

new旬st rnethods to grasp the differen∞血也e workability when vibration is applied.百l1S IS 

presurnably because， with the recent high degree of企.eedorn in proportioning and rnateria1 

selection， engineers are exploring旬st rne由ods， other世lan slurnp飽sting，世lat a110w thern ω 

distinguish be阿∞n rnixtures showing the sarne slurnp but having different企.esh propぽtíes，

wl血in the range of ensuring segregation resistance. In th悶test rn抽ods， however， judgrnent 

is currently rnade qua1itatively by cornparison between different rnixture proportions. It is 

hoped 血at eva1uation will be rnade in regard to也e relativity wi也也e ease of ac旬a1 placing 

and consolidation. 

Regarding rnethods of detecting the presence/absence of filled concrete， rnethods using 

sensors have been repo此ed. Apparatuses for 由is purpose have a1so been applied to白e

detection of the degree of consolidation， tirning for placing也e following layer， early strength 

developrnent， and intema1 def切ts， prornising future developrnent. 

For the purpose ofjudging the achievernent of the specified凶.eng世1， which covers a wide 

range 企orn a very e沼ly s仕ength level to cornpressive s位eng白紙later ages， nondes位uctive

旬st rnethods are adop旬d in rnany cases for rneasuring世le 泊四回1 of in-situ concrete ins旬ad

of specirnens. 

Even where no origina1 旬由are conducted， the following practice is reported in 也E

answers where skilled technica1 workers capable of judging the properties of concrete by 

visua1 observation are available: 

Rate the degree of segregation resistance by tapping the surfaces of concreぬwith a 

tarnping rod after raising the slurnp cone during the slurnp testing of甘ia1 rnixtures or 

as-delivered concrete. When the concrete is deforrned without crurnbling， it is judged 

as plastic， having good workabi1ity. A1tematively， concrete is tapped with a rna11et in 

sorne cases. 

- Visua11y check the condition of concrete discharged企orn an agitating truck. Judge the 

properties of∞ncrete企orn the state of concrete fa11ing企orn the chute 

百lese are considered ωbe practiced where ski11ed workers having experiences也rough

rnany different job sites are available. Such practice is irnportant企orn由e aspect of preventing 

f1aws and 町ly defe由， but it does not necessarily secure 印刷nty of execution 

As stated above， origina1 and practiced test rne世lods for企esh∞ncrete regarding purnping， 

placing， consolidation， and filling accounted for rnore白血30% of a11 responses to 世le
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questionn創re.百1Ïs is because a new rnethod of evaluating白e workability of fresh concrete 

m回d of slurnp testing is needed to evaluate the placing perforrn組問。f concrete in白e

context of也e depletion of good aggregate resources and widening variety of concrete 

m蹴rials， which led to differences in the placing perforrnance伽t蹴not evaluable by slurnp 

testing alone. 

7. Summary 

There has been a rernarkable progress in the developrnent of new rnaterials in Japan出

well as wor1dwide as represented by self-cornpacting concreぬand high s出n尉1∞ncrete.For 

也e design of concrete s佐uctures， the lirnit state design rnethod is used， which involves not 

only analysis techniques with enhanced accuraιy but also safety factors precisely allocated to 

rna:細胞ls and loads，ωwell as to uncertainty of calculation techniques and dirnensiona1 errors 

unavoidable in由e execution. In regard to execution， rnechanization and systernatization 

proceed as a resu1t of the decreasing nurnber and a喜ing of site workers. Despi旬也e signific釦t

progress in systernatization (rnechanization) for repeating work following procedures stored 

in the rnernory， no device， or robot， is available也at is so intelligent asωbe capable of 

keeping operation whi1e judging the adequacy of the work situation by itself. Concrete 

technology has been developed by rnutual influences of the rnaterial， deign， and execution 

sectors. A nurnber of problerns rernain unsolved in the rationalization and laborsaving of 

cons位uction 旬chnology. 百le Cornmit旬e has conducted research into 旬:st rne血ods，

partic叫arly those necessary for secure execution. One of the goals of白is research is to rnake 

execution intelligent in the ne紅白佃re.

百le activities of the Cornmittee have revealed白紙由e judgment of由e adequacy of白e

work situation still depends on世le experience of si旬 workers. At the beginning， 也E

Cornmittee was faced with an argurnent 白紙 an ex回総st reduces 白e work efficiency. 

However， uncertain execution can cause defects， which will trouble not on1y 血e p町'chぉer，

designer， rnaterial supp!iers， and con位'actors， but also users of the structure 

Even if two concretes have the sarne slurnp， their placing perforrn佃ces rnay widely differ 

depending on such factors as viscosity. If executed by different rnethods，由e differences in 

也eir qualities after hardening wi11 becorne even wider. It is hoped由民血也e near future， test 

rnethods to grasp their effects will be estab!ished and a systern to reflect the test results to 

actual execution wi11 be forrnulated， so悩旬箇sure 也e certainty of execution in the 

perforrnance-orien旬d design and cons甘uction of s位uc旬res.
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