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Applicability of High-strength Mass Concrete through Setting Time and

Horizontally-divided Placement

Seung-Ho Cho', In-Kwan Paik', Dong-Ha Lee’, Young-Sook Roh’ *

Abstract: In the current study, retarding type and standard type admixture design of concrete have been proposed to control the generation of hydration
heat for foundation members that use high strengths concrete. Finite element analysis also has been conducted to understand the rational placing heights
of concrete. In addition, real-size structures have experimented and their results were compared to the analytical results to evaluate the reducing effect
of thermal stress . For alarge 6.5 mX 6.5 mX 3.5 m member with retarding and standard type hotizontal partition placement of concrete showed the
manageable possibility of temperature difference within 25-degree Celcius between the middle and surface portion while the maximum temperature
was 77-degree Celcius. Also, temperature cracking index from the finite element analysis appeared to be 1.49 that predicts no formation of cracking
due to the effects of temperature. Finally, it appeared that horizontal partition placement of retarding and standard type concrete has the significant
effect of reducing the thermal stress that generated by the hydration heat in the high strengths mass concrete.

Keywords: Mass concrete, High strength concrete, Retarding admixture, Temperature history, Temperature crack index
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Table 1 Experiment factor and assessment

Experiment plan Level  Experiment level
Binder(kg/m®) 3 385, 400, 415
Experiment Fly ash(%) 3 0, 10,25
factor .
Retarding N
admixtures(%) 5 0,0.6,0.8,1.0, 1.2%
Fresh concrete Slump ﬂo.w, ar
contents, setting time
Assessment

Compressive strength

Hardened concrete (7, 28, 56 days)

Table 2 Mixing design for properties of retarding low heat concrete
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B-FA- Unit weight(kg/m®) Adn;lme Table 3 Test results of slump flow and air contents
Type retarding FAWB S/a %)
: %) (%) (% :
admixwre 70 U0 g s s 6 AP ap BFARadng W/B S SWmP AN
1 Type . flow  contents
admixture (%) (%) o
385-25-0.0 25 41.649.0 160 385289 96 880951 135 (mm) (7o)
400-25-0.0 25 40.0 48.0 160 400 300 100 856 962 1.40 385-25-00 416 49.0 640 43
Standard 15 0000 0 38.647.5 160415415 0 857983145 0 400-25-0.0 ~ 40.0 48.0 645 4.5
e Standard
415-10-0.0 10 38.6 47.5 160415373 42 851 976 1.40 type 1150000 650 5.2
415-25-0.0 25 38.6 47.5 160 415 311 104 840 964 1.35 415-10-0.0 386 475 675 4.7
3852512 12 415-25-0.0 660 4.4
385-25-1.0 1.0 385-25-1.2 510 6.3
41.6 49.0 160385289 96 880951 1.30

5. 385-25-1.0 510 53

385-25-0.8 0.8 a6 490
Retarding 385-25-0.6 55 0.6 385-25-0.8 560 49
type  400-25-1.2 12 Retarding 385-25-0.6 520 4.8
400-25-1.0 1.0 type  400-25-1.2 580 6.6

40.0 48.0 160 400 300 100 856 962 1.40

400-25-0.8 0.8 400-25-1.0 600 55

40.0 48.0
400-25-0.6 0.6 400-25-0.8 590 5.1
ADI : Super plasticizer, AD2 : Retarding admixture 400-25-0.6 630 4.9
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Table 4 Initial and final setting time according to regarding
admixture ratio

Type B-FA-r.etarding . Setting time
admixture Intial time Final time
385-25-0.0 8.5 11.5
400-25-0.0 8.2 11.2
Standard 15 00.0.0 72 9.7
type
415-10-0.0 7.5 9.9
415-25-0.0 8.3 10.8
385-25-1.2 21.8 273
385-25-1.0 18.3 23.0
385-25-0.8 14.8 18.7
Retarding  385-25-0.6 10.8 14.7
type 400-25-1.2 21.2 26.1
400-25-1.0 17.9 222
400-25-0.8 14.3 17.8
400-25-0.6 11.2 14.3
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Table S Compressive strength

B-FA-retard- W/ W FA Admixt Compressive
Type ing admixture (kg/n?) (%) ure - _strength(MPa)
(%) B%) 7 28 56
385-25-0.0 41.6 25 33.5 42.7 462
Standard 400-25-0.0 40.0 25 36.2 47.8 523
type 415-00-0.0 0 0 37.8 48.4 50.5
415-10-0.0 38.6 10 37.5 47.7 49.2
415-25-0.0 25 35.0 46.6 51.3
385-25-1.2 1.2 283 39.5 433
385-25-1.0 416 160 1.0 305 402 454
385-25-0.8 0.8 31.2 409 462
Retarding 385-25-0.6 25 0.6 32.6 42.5 473
type  400-25-1.2 1.2 303 402 478
400-25-1.0 40.0 1.0 322 44.0 50.7
400-25-0.8 ' 0.8 327 442 512
400-25-0.6 0.6 34.6 43.3 50.2
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Fig. 1 Compressive strength according to regarding admixture ratio
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Table 6 Verification plan by hydration heat analysis modeling

Partition
ber si placement 'Remotyeltll
Member size height(m) time o .t e Concrete mix
(m) —— protection

Top Bottom (days)

3.5 0 Top: standard type binders
410 kg/m’
(FA : 10% substitution,

retarder: unuse)

05 3.0

35x35x35 1O 25 794

Bottom: retarding type
binders 385 kg/m’

(FA : 25% substitution,
retarder: 1.0% use)

1.5 20
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Table 7 Mix according to concrete type

Concrete B-FA- W/B S/a Unit weight(kg/m’)
type  AD2 (%) () W B C FA S G ADI AD2

Retardi 385-25 Bx  Bx

ng - 41.6 49.0 160385289 96 880951 135% 1.0%
type 1.0
415-10
Standard - 38.6 47.5 160415373 42 851976
type 0.0 140°/

AD1 : Super Plasticizer, AD2 : Retarding Admixture

Table 8 Analysis model

Partition placement height and use mix

Type Top Bottom
Thickness(m) Mix type Thickness(m) Mix type
PH3.5/0.0 3.5 Standard 0 -
PHO0.5/3.0 0.5 Standard 3.0 Retarding
PH1.0/2.5 1.0 Standard 2.5 Retarding
PH1.5/2.0 1.5 Standard 2.0 Retarding

PH1.5/2.0

PH3.5/0.0 PH0.5/3.0 PH1.0/25

Fig. 2 Schematic design of the partition placement
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Table 9 Physical and thermal properties of used concrete

ltems Ground Standard ~ Retarding
type type
Specific heat (kcal/N - °C) 0.02 0.0245 0.0245
Unit volume weight(kg/m®) 1,700 2,354 2,354
Thermal conductivity
(keal/mm - hr - °C) 0.0017 0.0023 0.0023
Convection coefficient
(kcal/m? - hr - °C) 12 12 12
Outside temperature(°C) 30 30 30
Placement temperature(°C) - 33 33
Compressive strength
(91 days) (MPa) ) >4 32
Co.mpres_swe streng.th - a:3.5,b:0.95 a:6,b:0.95
manifestation coefficient
Modulus of elasticity
(91 days) (MPa) 980 29,984 29,984
Thermal expansion ) 105 gx10.5 1.0x10-5
coefficient
Poisson’s ratio(MPa) 0.2 0.167 0.167
Cement content per unit
volume of concrete(kg/m?) ) 415 385
. . . K:41.7, K:39.3,
Heating function coefficient - w174 «“1.76

Table 10 Convection coefficient according to the curing method

Outdoor Top (Forrrsljii) mm
exposure (Vinyl 1+curing blanket 1) Expanded Polystyrene)

12 keal/m? - hr -
°C

6.5 keal/m* - hr - °C

2.0 keal/m® - hr - °C

Hydration Heat Analysis

Input of Member Material

Characteristics

= Concrete Material Properties
= Ground Material Properties

Input of Time-based Member
Material Characteristics

= Drying Shrinkage and Creep
= Compressive by the Age
T

Hydration Heat Analysis
Modeling

Boundary Condition

= Constraint Condition
= Convention Boundary
= Fixed Temperature

Heating Function

= Insulation Temperature
Increase Factor
= Reaction Velocity Factor

Construction Step

= Characteristics of
Boundary Condition

= Construction Step by
Placement

Hydration Heat Analysis Result

*  Heat Transfer and Heat Stress Result Analysis

*  Comparison Evaluation of Maximum Increase
Temperature and Maximum Stress

*  Temperature by Time and Stress Distribution

Analysis

*  Temperature Crack Index Evaluation of Partition

Placement

Fig. 3 Hydration heat analysis process
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Fig. 4 Analysis Location
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Table 11 Temperature history analysis result according to the Table 12 Analysis result of temperature crack by partition placement

partition placement and outdoor exposure conditions and outdoor exposure condition
. . Age"(da Minimum crack index
Maximum temperature(°C) Sjg;iz Analysis member ge (day)
. Age : index . Center Side
Analy'sm (time) maximum Center  Side (location)  (location)
member index [center] Center Surface Side temperature
©) (C-5) S) difference PH3.5/0.0-7d 22 7.5 1.07(C-5) 0.86(S-1)
0 PH35/00-14d 22 20 1.07(C-5)  0.91(S-2)
PH3.5/0.0-7d 62 75.02  54.67 63.59 28.20 PHO0.5/3.0-7d 23 75 1.17(C-5) 0.92(S-2)
PH3.5/00-14d 62 75.02  54.67 63.59 28.20 PHO0.5/3.0-14d 23 23 1.17(C-5) 0.97(S-2)
PHO05/3.0-7d 62 72.67 5445 61.86 26.53 PH1.0/2.5-7d 23 75 1.13(C-5) 0.92(S-1)
PH0.5/3.0-14d 62 72.67 5445 61.86 26.53 PH1.0/2.5-14d 23 21 1.13(C-5) 0.95(S-2)
PH1.0/25-7d 62 7296  54.65 61.92 26.55 PH1.5/2.0-7d 2.1 73 1.10(C-5) 0.91(S-1)
PHI1.0/25-14d 62 7296 5465 61.92 26.52 PH1.5/2.0-14d 2.1 2.0 1.07(C-5) 0.91(S-2)
PH15/2.0-7d 60 7371 5467 62.29 26.83 1) Age of Minimum Crack Index at the Center or the Side

PH15/20-14d 60 73.71  54.67 62.29 27.08

(b) PH3.5/0.0 - 14d
(a) PH3.5/0.0-7d (b) PH3.5/0.0 - 14d

(d)PH0.5/3.0 - 14d
(c)PH0.5/3.0-7d (d)PH0.5/3.0 - 14d

(HPH1.0/2.5-14d
(e)PH1.0/2.5-7d (H)PH1.0/2.5-14d

(£)PH1.5/2.0-7d (h)PH 1.5/2.0 - 14d

(®)PH1.5/2.0-7d (h)PH1.5/2.0-14d Fig. 6 Maximum temperature crack index distribution
Fig. 5 Maximum Temperature History Distribution
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Table 13 Verification plan by hydration heat analysis modeling

Items Contents Remarks
Arrange Top HD32@150 1 Layer (X, Y dir)
Full scale -ment of Bottom - -
specimen  bar  gide  HD25@150 Horizontal rebar
(6.5 mx6.5 Cover Top 50 mm Alternation
mx3.5 m) depth Bottom 80 mm -
Side 80 mm -
Slump
+
Fresh Flow(mm) 600+100
concrete .
Assessment Air content(%) 4.5¢1.5
Hardened Compressive Age (day)
concrete strength(40 MPa) 3, 7, 28, 56

(b) Arrangement of bar (c) Thermocouple thermometer

Photo 1. Full scale specimen
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Table 14 Properties of fresh concrete

Concrete  Slump Air

Concrete B-FA-AD2 VZ/B SO/ a temperature  flow  contents
type OO O ooy mm) %)

Retarding 05 510 416 490 328 650 4.1
type

Sti‘y“;‘ard 415-10-0.0 38.6 47.5  33.1 630 5.0

Table 15 Compressive strength of full scale specimen

[Unit: MPa]
Concrete Curing Age(day)

type method 3 7 28 56

o Sandad 00 008 380 43.9
Retarding curing
type Sealed

(385-25-1.0) curingat  19.5 26.3 37.1 42.9
job site

Standard )\ o 506 442 46.5
Standard curing
type Sealed

(415-10-0.0) curingat  23.7 34.7 43.6 458
job site

-{=--Retarding Type Standard Curing

Compressive Strength (MPa)

----Retarding Type Sealed Curing at Job Site
—=— Standard 1ype Standard Cunng
. —e—Standard Type Sealed cunng at Job Site )
0 3 ; 28 56

Age (day)

Fig. 7 Compressive strength of full scale specimen
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Fig. 8 Analysis result comparison of full scale specimen(temperature
history)

25
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Temperature Crack Index
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Fig. 9 Temperature crack index of full scale specimen
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