Experimental Study on the Stress— Strain and Acid-Resistance of
Pine Needle Ash Concrete
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Abstract

This study examines the stress-strain and acid-resistance of pine needle ash(PNA)

concrele. Materials used for this experiment are PNA. normal portland cement, natural fine

and coarse aggregate.

Test results show that the highest static modulus of elasticity are achieved by 5% PNA
filled PNA concrete. Acid-resistance of PNA concrete is increased with increase of the
conlent of PNA. It is 1.29 times of the normal cement conrete for 5% PNA filled PNA
concrete and 2.57 times for 15% PNA filled PNA concrete, based on the elapsed days for
25% mass loss of original mass immersed In the 5% H»S0; solution.

Accordingly, PNA concrete will greatly improve the properties of concrete.
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Table 1. Physical properties of normal portland cement

Specific surface Setting time Compressive sFrength
Item SG (Blain) {h-min) (kgf/cm™)
(cm®/gf) Trutial Final 3 days 7 days 28 days

Portland cement 3.15 3,240 7-20 194 216 323
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Table 2. Chemical composition of normal portland
cement
(Unit ~ %)

Si0; | ALO;| CaO [ MgQ | S0, | K0 |NagO | Fe:0s

21.09 | 484 | 6385 3.32 | 3.09 | 1.13 | 0.29 | 239
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Table 3. Physical properties of aggregate

. Specific | Absorp- Unit
Size Fincness
Item (mm) gravily |tion ratio oduls welght
o)y | ) [T (kef/m")
Foe 1 ogsl aee | 23 | 235 | 14m
aggregate
Coarse | 4.75

2.64 262 728 1449
aggregate| ~10

A& 3t YA 0.15mmel3t, D= 24lkef/m’
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Table 4. Chemical composition of pine needle ash

(Unit : %)
S10s Ca0 MgO K:0 NasO
92.87 437 1.37 132 0.07
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Table 5. Mix proportions of pine needle ash concrete
(Unit : kegf/m®)

Fine |Couarse
Type |[Cement|PNA | aggr- | ager- | Total | Slump
egate | egale

P1 | 408.0 0 | 7414 |1,114.1}2,263.5

P2 | 3976 [ 102 ] 7395 (1,111.3|2.258.6

P3| 387.1 [204 | 7358 |1.105.8|2,249.1

P1 | 3767 | 30.6 | 732.1 {1,100.32.239.7 |8+ 1cm
PS | 3664 | 407 | 730.7 |1.098.4 122362

P6 | 3561 | 509 | 729.6 |1,096.72,233.3

P7 | 3458 | 61117279 (1,094.2|2,.229.0
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Table 6. Test results of stress-strain of pine needle
ash concrete

Static modulus|  Pojgson's Strain(x10 %)
Type| of elastcily
(% 10%kef/cm’) [Ratio| Number Longitudinal |Horizontal
Pl 295 0.187| 5.34 0411 0.077
P2 301 0.242| 414 0.385 0.093
P3 324 0231 434 0.386 0.089
P4 281 0.255 392 0.400 0.102
P5 276 0.259 387 0.375 0.097
Fé 265 0.264] 3.82 0.371 0.097
P7 249 0277 361 0.368 0,102
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Fig. 1. Stress-strain curve of pine needle ash concrete

- 101 -



gy a 419 A535 19999 1049

4Ae YBIE 249 FURA UAHCE @
BA%7 Aow Az WHEAe Atks AL o
ek

Table 6olA] B vlel 7le] £ EFTES]
AedAles 7A=Y ¥ AFE Eie
= 249><103~324><103kgf/cm294 welz R
ooEd #UAE EYSHA FE Ple AUAA
2= 905x 10°%kef/cm? e 2, A AR S =
P37} 10% AE 2A Yehgen) P72 16% A%
27 Ve

Lt FOh&H|
HEE e FHAEY BE
(Poisson's ratio)@t™ 3o, 49r¥ez vy BE=
1/me2 FAT 7)4 mS ZEolbdzoly H
E Z&g 2 AWME EZggEE 2 3~4 2
§~12 A Eo|ct
%3, Table 6oll4] B upel o] &9 23
g B9 FoldPs 361~434 AEE HE AHE
EIES FobkS 534Eth FAA EREd,
olg|gt A FTHYET ANUFE AEAANA

Folg]

& AR BE ARE Z3HEM o &%
A £3EEE FHEC YIS FHEEY 67t AL
F&23Eg JUFe stg oyt FHEkez 7
2 g2 ¥WRAe] Zr) wFolvk =g, HYH
9] EHAE 24T 29 FINEE BE AW
E FAERY 4EPAEE ZrteAw F4947)
HAARA g AR Tk v ge]r] oo
BREY 277t 2A Ueht olsdrt A
vl ez AztEo

2. LH&kd

£9A FaANEL] Jad ANEEFE Table 7

# 23, o] TASHE Fig. 29 2t}

Table 73 Fig. 2014 B uieh o] &4 e
TdFol TAETE ke tE Aol St
FEx, YAE EYIFA FL PlEG %‘-%12}1
5%. 10%, 15%% &Y AL
2ol 25%7t TAE AFLTE H]mﬁﬂ B9 129

Table 7. Mass loss of concrete cylinders immersed in
5% HS04 solution (%)

Days

14 17 18 22, 23 23 36
Type

Pl 25.32127.72 | 33.61 | 40,60 | 41.80 | 49.88 | 67.24
P2 |Z1.05|25.22 | 27.52|32.75|34.29 | 42.13 | 57.98

P3 19.50 | 20.63 | 25.24 | 31.55 | 32.31 | 37.97 | 50.25

P4 |1840/18.86(22.1325.94 2719 30.68 | 43.98

PS5 [17.20(17.60121.93(24.17 25,84 | 29.36 | 41.47

P6 | 1538|1584 |19.15|21.45|22.10|26.07 | 36.90

P7 12.05]12.34 | 14,46 | 16,61 | 17.28 | 19.74 | 25.41
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Fig. 2. Mass loss ratio of pine needle ash concrete
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