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Mechanical and Temperature Properties

of Fiber Reinforced Porous Green Roof Hwang-toh Concrete
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ABSTRACT

The physical, mechanical, water purification and temperature properties of fiber reinforced porous hwang-toh green roof concrete
have been evaluated in this study. The effect of the depending on replacement ratio of blast furnace slag to cement was investigated
such that the replacement ratio is varied to 0 % and 30 %. Also, the replacement ratios of hwang-toh were 0, 20 and 30 %. The
polyvinyl alcohol fiber was used for the reinforcing fiber. A series of pH test, unit weight, void ratio, compressive strength, after
purification and variation of temperature test have been performed to evaluate the performance, water purification effect and temperature
properties of the fiber reinforced porous hwang-toh green roof concrete. The test results indicate that the physical and mechanical
properties of fiber reinforced porous hwang-toh green roof concrete is affected by the replacement ratio of the blast furnace slag
and hwang-toh contents. Results of purifying water showed that the water purification effect of porous hwang-toh green roof
concrete is about 40 %. Also, the temperature properties test results indicate the green roof blocks using fiber reinforced porous
hwang-toh green roof concrete have insulation and temperature reduction effect.

Keywords: blast furnace slag; green roof concrete; hwang-toh; porous concrete; temperature properties; insulation effect
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21t B4 10 cm®] S/d=3t AR Q7] 70 % old=
A= Ao HarE vl 910 (Korea environment institute,
2007), Hl=2HA] dEo] vls] ddego] Wol 6.4 %~13.3 %
e A5E YdodA dokanrt yetstth (Lee and
Kim, 2004; Lee et al., 2011). @A 2AF=slo] £8= AL
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&9 Al 24 o] =] itk (Ahn et al, 2010).
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ot (Cho et al., 2012; Kim et al., 2012). th3A AE=
ZEof| gt = thfebAl AdEo] W kg It Qlrk
(Sung and Kim, 2002, 2003; Youn et al., 2009). th&Ad &
AYE ARYEELS v AXE AR = i, AEE=
AFAYES] Fie A 4= Qlo] Fpid Wl Eoko] Z=kst
TAE 24T & Sk 53] o AESS =S 1|
I g e 58 o]8ste] AWES] AMHE HAFOEH
HE Ao Qg CO; 'WAHS A7) AL, ARHAES
A-gst7] wiell 21838 sk 9ct (Choi et al., 2001;
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1 4 Qlr} (Lee and Park, 2010). & oo 124
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% Table 33 gt E3F A4 A2 ZEPEdLI2ARE
Agstaon EeuddaSife U] M= 4
o

2. gt

2 Afolrs ARE T FE SRS 2aEY &
2] d5kx EAS Hrt sieich 12&H0 ZA) A7) A
24> 25 mmE ARSItk Table 5% & oA 243t H)
FHIE YERAC) i AHES] ARRRS XAsls)] $lste]
AHES] dAekS nR&e) vjid 9 SEZ X9t 1L

ST oS AME S5k 0 % 2 30 %E A3,
FEE AWE Zako) 0 %, 10 % 2 20 %= X251t PVA

Table 1 Composition of hwang—toh (Unit : wt.%)
SiOZ Alea F6203 Ca0 MgO Kzo Nazo
40.0 32.9 7.79 0.39 1.54 0.76 1.73

Table 2 Composition of blast furnace slag (Unit : wt.%)
Si0; Al,Os | FexOs Ca0 MgO MnO TiO S
33.1 13.9 0.29 42.4 6.1 0.4 0.96 0.66

Table 3 Physical properties of blast furnace slag coarse

aggregate
Density (g/cm’) Absorption ratio (%) Fineness modulus
2.20 0.70 6.80

Table 4 Physical and mechanical properties of PVA fiber

(polyvinyl alcohol; PVA)@TOF, _T_Li—é—‘-ﬂﬂj_ %’8‘ %XH 7‘4 al= Modulus of elasticity Density Fiber length Tensile strength
- = 3
<71 ulBY (blast furnace slag; BFS)E ARg3IIow 3 (GPa) (g/em) (mm) (MPa)
\3
E, 12&d0, nasd 349 542 Table 1, Table 2 L1AI0 L2 6 656
Table 5 Mix proportions of fiber reinforced porous green roof hwang—toh concrete
i W/B' Unit weight (kg/m’)
Type of mix , T . —
(%) Water Binder Cement BFS Hwang-toh BFS agg. PVA Fiber | Superplasticizer
No. 1 322.50 - -
No. 2 258.00 - 64.50
No. 3 _ 225.70 - 96.75
— 265 81.50 322.50 — 1450.00 2.52 3.225
No. 4 225.75 96.75 -
No. 5 161.25 96.75 64.50
No. 6 128.95 96.75 96.75

*: Water/binder ratio
#+. Cement + blast furnace slag
k! Blast furnace slag
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(a) Test set—up
Fig, 1 Water purification test set—up of fiber reinforced porous green roof hwang—toh concrete
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817] $1ste] KSF 24050 wE 454 E AlES HAlstol) 4
2 A7 100 mm, =°] 200 mme] FAIAES AZEE T 244]
7k 59t 2342 C, A oF 58 %ollA 27] FAS AT
Sof| Bgato] 28 7F RGPS AAEE T 25T

A7 O3 FE A3 ZIYEE AT 44
517] flste] E Atoxs FES AMIE S5l 20 % HE A
shelal, 1 2&Y0 nReS 30 % 23t gk Al&okﬁ 200
x1oo><300 mm 379 &3} E5S AXInh AxS &

5 o83t FAAS EE Bkl st F %#F— A

Table 6 Composition of artificial water

Ingredients Quantity in 40 liter tap-water (g)
Glucose 9
NazCOs3 8.48
KCl 0.84
NH,Cl 3
CaCly - 2H0 0.84
NaCl 1.5
MgSOy - 7TH0 0.5
KH2POs 0.53
Table 7 Water purification test method
Constituents Concentration (mg/liter) Analysis method
SS 28 SM 2540-D
BOD 48.57 SM 5210-B
COD 73.53 SM 5220-D
T-N 14.26 SM 4500-B
T-P 1.31 SM 4500-D

(b) Water sample
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S AL ARSI E2 SS (Suspended Solids), T-P
(Total Phosphorus), T-N (Total Nitrogen)& &%43s}gon =
g2 APHAQ] 7] whet s=3a}gict. AlE++48 Table 7
3} At} Fig. 12 £EAIAY 2ES Hojer

4] 53} F ] 98] 2% HolZ S kel Al
W OB BE SRS 22 olglel SARIE A

(e) Grass vegetation

Aot AR A SR S=s 2A9E 5L PES
ARIE S0l 20 % A= A2hshal =&l nldds 30 %
x| ghet wighe: A-8stglon, A7]& 200x100%300 mm O]},
SEshe 3 A9l AR w7t 9 S A
Ack. LAk HAL oF 1535 m'o|n A Aol tiste] LAF
=315 AXSIITE Fig. 2 + A3 S Holerh &4
=3} oAl A AR Sl W A 9 7|2 A (Fig.
2 (a), 7 WA= UL S A4 (Fig. 2 ) & & A
7} TR 38 ARSI EE S A8t} (Fig. 2 (). <4
Lo} B2 9o AHES A (Fig. 2 ()3 & A= A5t
At (Fig. 2 (e). Fig. 2 (D= SAS3 942 & 1071Y 39

(f) Complete green roof

Fig. 2 Process of green roof construction

(a) Outdoor before green roof

(b) Outdoor after green roof

(c) Indoor

Fig. 3 Phot of thermometer
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Fig, 4 pH test results of fiber reinforced porous green roof
hwang—-toh concrete
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Fig. 5 Unit weight test results of fiber reinforced porous
green roof hwang—toh concrete
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Fig. 6 Void ratio test results of fiber reinforced porous
green roof hwang—-toh concrete
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Fig. 7 Compressive strength test results of fiber reinforced
porous green roof hwang-toh concrete

69



20 BT Z7FI 30 %ol 7hask= JJ_A EIEX e
NEEAD v Aggo] FNALE FFE] F)
A it oz feido] Sk ARAZE WEME% 3=
S HEAPIANRE B dlie AddaraA 2o
Al WA el F=80] I8kt

ARy U e 245 £a2]EY] ?;%— PEAR%P&?%
T Fig. 73 2ot =& Aehso] whE ¢

S At Al NS A5 dof @%h% o]
A A R EER R EE RS

AN B Sk Heby A 289 TP B e
HEo] =] o] wjZolcth FES| A&l wE
1S it 455 Aol S48 457 0
o} E= AFt (S0 4FulE (A0S F8 4

o . A S e 250t 0
o}, mebs 3tEES A9A717] dell STt A

s F>
QL
2 oo

1

lo |o

Lo

S r

t?m
;'9:[”

G RTAERA e
£} IA= Fig.
T=ES W= 1

80| T7BP] tiedl 454 Es Aokl B a2
IR AEe 0 % 2 30 % BF FE ATE 20 %A=

24 24

1 21

20 -
= 1 18
o
£ 16
% 1 15 g
2 2
w 12 - 112 ®
) z
.g | 9 g
5 8
E
Q 6
O -o-Compressive strength-BFS-0 %

4 r —-Compressive strength-BFS-30 % 3

-=-V/oid ratio-BFS-0 % i
5 -+-Void ratio-BFS-30 % 5

0% 20% 30%

Hwang toh contents

Fig, 8 Relationship between compressive strength and void
ratio test results of fiber reinforced porous green
roof hwang—-toh concrete

70

o

52 Z7F6lL Y57 TrAastolnh U E Aghe
30 %ONNE ATHE 20 %<} Hlasto] I8} A BE A
Sk 2E BAF Qi) kA AR 358 AEAY
Asle] e XTES 20 %ot 1RSI vEY 30 %=
Ao ghhEr,

=
=

Agsh= Slo] Adet

My oA BE SASEH 2aeEd] % SUARE
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14.26 mg/liter, 1.31 mg/liter °©]glon], G&40] Hrl 77}
14.5 mg/liter, 13.92 mg/liter, 40.85 mg/liter, 2.67 mg/liter,
0.71 mg/liter?l ZAo= Uesith A2jas&S SS7F 48.21 %,
BODs7} 71.34 %, COD7} 44.44 %, T-No] 81.28 %, T-P7}
45.80 %1 ASE Yept HAbEoR 40 % ol4e] =2 Ag
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Table 8 Water purification effect of fiber reinforced porous
green roof hwang—toh concrete

Purification SS BOD;s COD T-N T-P
properties (mg/liter) | (mg/liter) | (mg/liter) | (mg/liter) | (mg/liter)
Original water 28 48.57 73.53 14.26 1.31
Green roof block | 14.5 13.92 40.85 2.67 0.71
Removal rate (%) | 48.21 71.34 44.44 81.28 45.80
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Fig, 9 Variation of temperature test results before and after
green roof
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