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ABSTRACT

In this paper, method for the determination of removal time of the side forms in high strength concrete are
discussed using the estimation model of compressive strength development, the development of bond strength and
rebound number of P type Schmidt hammer in order to review the validity of existing regulation as to side form
removal and offer effective quality control method. According to the results, as W/B increases by 109, the setting
time is shortened by about 2 hours. In the scope of the paper, required time to gain 8MPa of compressive strength
is determined about 17~20 hours of age and 21~25°D - D of maturity. Bond strength between form and concrete
shows the highest value around final setting time, but decreases drastically after that. Amount of concrete sticking
on the form is large before setting completed, but after that, its amount shows decline tendency. The rebound
value test with P type schmidt hammer can be started faster by 2~3 hours than compressive strength test. It is
also confirmed that the removal of forms is possible when the rebound value of P type schmidt hammer is more
than 32. It is found from the results that existing regulation regarding removal time of the side form of high
strength concrete provided in KCI needs no revision because required time to gain the strength provided in KCI
has no adverse effect on strength development at early age and surface condition during stripping the side form.
Effective procedure to decide the removal time of side form can be performed by applying P type Schmidt

hammer.
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Table 1 Design of experiments

Items Factors
25, 35 (High strength concrete)

0,
W/B(%) 3 45 (Normal strength concrete)
) Fly ash(%) |1 20
Mixture .
Silica fume(%)| 1 10
Slumpl(cm) | 1 2125
Air content(%)] 1 45+15
Slump
Slump flow

- Air content
- Unit weight
- Setting time

Fresh concrete| 5

+ Bond strength hetween
concrete and form

(3, 6,9, 12, 15, 18, 21, 24, 27,
30, 36, 42, 48hours)

- Rebound number with P
type Schmidt hammer

(3, 6,9, 12, 15, 18, 21, 24,

27, 30, 36, 42, 48hours)

- Compressive strength

(3, 6,9, 12, 15, 18, 21, 24,

27, 30, 36, 42, 48hours, 7days,
28days)

* is incorporated only in W/B 25% and 35 %

Exper-
imental

Hardened
concrete
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Table 2 Mixture proportion of concrete
W/B| W |s/a|sp/c|aE/c| _ Weight (ke/m’)

Coneretq o0y | (kg/m|%6)| 96 | ) [C | 5 | G |FA|SF
High |25 | | | 48] 08 [0007490]651|714] 40|70
strength| 35 49| 0.6 |0.004]350| 756|796 | 100] 50
Normal| o\ 170 | 45| 0.25 [0.002]378 | 769|951 | - | -
strength

Table 3 Physical properties of cement

. Sound-| Setting Compressive
Densn?/ Blaine ness |time(min.) strength(MPa)

2
(g/cm’) | (cm’/g) (%) | Ini. | Fin. |3days|7days| 28days
3.15 3,303 0.08 | 226|409 | 23.1 | 308 | 41.0

Table 4 Properties of fly ash

Unit Compressive S0 |L.O Moisture
water strength (% )2 ('V ) content
ratio (%) ratio(%) © © (%)

99 2.22 | 3,850 92 675 4.2 0.2

Densit Bla%ne
(g/cm’) [(em™/g)

Table 5 Properties of silica fume

Density | Blaine Chemical composition

(gend) | (em¥g) | Si0 | Feds | AbOs | CaO | KO | LOI
210 | 240000 | 9% | 012 | 025 | 038 | 056 150

Table 6 Physical properties of aggregates

0.08mm

Aggre Densﬂ;oy A_btfggp Fineness w[éingitt Diosftn;gl;gitri]on sieve
~gate | (g/cm”) (%) modulus (kg/m®) | shape(%) |PASSIng

(%)

Fine =
. . 2. . .
agg. 2.57 1.46 30 1,598 61.0 2.06

Coarse
2.60 ) R X -
agg. 0.93 6.90 1,505 5b.4

g=Ea0|EsE| =2 MI16H 35(2004)



Table 7 Physical properties of chemical admixture

Table 9 Test results for fresh concrete

; Recommended
: Main Densif; Appea Slump | Slump flow | Air content | Unit weight
Admixture| ;.o vedient (g/cm°y Color |~ ance ?gsxi/gof; %) (cm) (cm) (%) (kg/m’
Dotk 1 % | 228 399 46 2,387
AE agent| Naphtalene | 1.17 brown Liquid 0.3 35 213 36.9 47 2997
Super- |Polycarbonic . Lo 45 21.8 39.8 49 2,261
plasticizer acid 1.12 | White | Liquid 08
Table 8 Specfication of the form PSS -
S W/B(%)
Pannel | Thickness a\éVecl)ter_ Surface | Surface | Displace- s 40|—=m—25 °
type (mm) tiof] (ro%) treatment | condition | ment {mm) 2 . —e— 35
g —A— 45 A
Resin o 8 3 =
Plywood 12 11.8 coating Fair 135 % 3t Finalset [/ | B
o
L o5t
c [ J n
AlS{HpH 2 2of
2.3 E%‘%Hjl:l ©
¢ N PO A
B Ao audyen WA, fagee Ege A4 & ) J /
A AOANE ARESte] AR X% 2ATEY sf Initialset A,,_.’,,,__-E ________________
5o T =] _A @ n
APOR SIS KS F 20 146l 7 AL Oy —=2 2 & 8 10 12 14 16 18 20
LT FRee SUT 24o] BY F oA o)) Setting fime(hours)
Awsts AAY AR 9t 3% @ A d Fig. 1 Setting time of concrete with W/B
w2 KS F 2421 2 24099] 4ol wet A, $

ANE KS F 243690 <A AAeigict.

Ageaglee] d¥or AFYY AT A0x
200:200mm A|@AE HAR 7pgetel, SAEE ¥
92 F Photo 17 22 NFARAE AlFsiel AR

Zavee) RAREE S48

=

Photo 1 Bond strength test between concrete and form

Photo 2 Rebound number test with P type schmidt
hammer
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Fig. 2 Compressive strength with age
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Fig.3 Strength development of concrete with maturity
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Table 10 Offset maturity and correlation factor of
Logistic model by regression analysis

W/B to Mo Correlation factor
(%) | (hour) | °D-D) Feo Kk m
25 16.3 20.0 67.19 1.81 2.58
35 14.2 175 56.20 1.95 291
45 12.1 15.0 40.14 2.10 350

Table 11 Regression factor and standard error of
Logistic model by regression analysis

W/B(%)
Factors
25 35 15
Regression
coefficient(R?) 0.987 0.985 0.989
Standard error(S;) 1.70 152 1.06

=232 | EsE| =23 162 35(2004)
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Table 12 Age and maturity to obtain required
strength

W/B(%)

Required

strength 2 35 5
(MPa) | Age |Maturity| Age | Maturity | Age | Maturity

(hour) | (°D - D) |(hour}| (°D - D) |(hour)| (°D - D)

8 1776 | 221 1728 212 [2016) 251

0.10
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25
—e—35
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Bond strength(MPa)
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Fig. 4 Bond strength between concrete and form
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Fig. 5 Amount of concrete stick to the form with age
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3 hours

9 hours

Photo 3 Surface of test specimens after bond strength test between concrete and form

332 a2 |EEE| =2 M16H 33(2004)



g 2AEIE AT FAH] 9
02N AFY AAAN EAE HHe
FH 284 ZaYES] 24 e FREdd oy
MAA g ol 27158E AT F Qe A
(EMPa)l = HaHAl S5A2 < 7] ALE.
o, 23 ES AT FHEAC oM At
FaomH yAt 2ARE 9
FHol the F7HHQ A7 Zad Ao ARdr

ACh
A
>~
H2
rir
>,

lo
4
o
N g
s
=
o

O

Of
fo

(i of (0 M1 o

3.2.3 PY wrEsf el o3 H|3k AF

Fig. 62 W/BYE 27| AHlA A7l we P
FUESfu o] whEEE Yehd Aot WA, PR f#UE
dm o] Wbl ZI|ARAM FA8] S7HE F ARt
AAdrE F3EE Aoz desth WBE PY 1)
Edjre] wHEEr}t SAEE AHS WB 5% H% R
6% T3] AN o|FFHE, UEFEY FARGY
2~3AZ wE2A AU

80

W/B(%)

~
=)

Rebound number
y o @
Q o (=]

w
o

20

Age(hours)

Fig. 6 Rebound number by P type schmidt hammer
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