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Field Case Study of Mechanized Form Roads Pavement Construction using Cellulose Fiber

Reinforced Concrete
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Abstract

At the present, the mechanized form roads pavement was constructed with plain concrete. Mostly, it was used by welded wire mesh for preventing crack.
Cellulose fibers for the reinforcement of concrete offer relatively high levels of elastic modulus, fiber count (per unit weight), specific surface, and bond
strength to cement-based materials. The construction of concrete pavement confirmed that cellulose fiber reinforced concrete was applicable to
mechanized form roads pavement. In the study, cellulose fibers were used here at 0.08 % volume fraction, which is equivalent to a fiber content of 1.2 kg/
m'. Cellulose fiber reinforced concrete were compared with plain concrete. Field test results indicated that cellulose fiber reinforced concrete showed
slightly to increase of 28 days compressive strength and improved the initial strength. it tended to increase of splitting tensile strength. Test results showed
that the slump and air content tend to decreased. but, the variation of air contends is very little. Also, construction cost of cellulose fiber reinforced concrete
is less than about 25.7 % the case of welded wire mesh previously used. Therefore, The cost reduction is expected to be possible in construction site by

mechanized form roads pavement.
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E9] thdS Hebstr] flete] At A E tigt A
T7F = Qol| A eEs] XIgiE|o] gkt (Shah et al., 1990;
Shin et al., 2006; Jung et al., 2007; Kim et al., 2008).

2 AL ggo] SIS ks AR RO AfE 22
2 E (Cellulose Fiber Reinforced Concrete) o thaf] =1 2]
of QTR AL R, h} 2. Fle) 49 B4k
APHAEZ A AGRIF AT E O] ogla] EAY Ax
TS5 EA0] 8-S Brste] 1 AT AlAISHATH(Won
et al., 2000). =2 ZAL F I EO] AJETFARS Ao g
Z9Z 237 (PP), AE (NY), Z2HE Y& (PVA) 2
WSRO (CL)Y AF FFo] WotE Fol EREg 4

A} 28 E (FRO) 9| 5814 5442 415131t (Han et
al., 2010). £22)E ERIA FAA0] L A E71E et
Asrrre] ATE WoEIT A50] B8 W 450 W
2 ol Apu7 2aelE AuAE el 2ag sl
o514 54& H71skSith (Choi et al., 2012). A1 9)=-9] 7
L 6Z 7O GEHNEZ A HHF V=05 % (AHIE FA9]
o197} 548 22205 A Aolel g0
SEAL FAEG A4S A2ANE 5 HolF

(M. Sarigaphuti et al., 1993). AlIE2 9~ A G /\]U-]]E Ao
] T 2|2 ol FAl A, A, A4
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Table 1 Shape and structures of rural roads

Division Main road |Branch road| Form road
Road
Width of pavement Over 6.0m | Over 5,0m | Over 3.0m
rural road
Shoulder | 0.5~1.0m | 0.5~0.75m 0~0.5m
Height of road surface| Over 0.5m | Over 0.5m | Over 0.3m
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Factors Levels
Gmax (mm) 40
W/B (%) 53.7
] Slump (mm) 80125
Mixture
Air content (%) 45+15
Fiber dosage (%) 0.08
Fiber content (kg/m) 1.2
Fresh concrete ’ Sl.ump
* Air content
Tests c ive strength (3, 7, 28, 56 days)
* Compressive streng .7, 28, ays
Hardended consrete |, Splitting tensile strength (7, 28 days)

Table 3 Physical properties of aggregates

Division Size (mm) Specific gravity Absorption (%) Finess modulus |Unit weight (kg/m*)
Crushed coarse aggregate 2.5~40 2.62 2.80 6.91 1,450
Fine aggregate <475 2.59 2.24 2.91 1,560
Table 4 General properties of superplasticizer
Specific gravity (20°C) pH Unit weight (kg/m?) Color Usage (%)
1,028 522 1,190 Dark brown liquid 1% of binder

Table 5 Physical properties and chemical composition of blast furnace slag

Specific aravit Blaine SO3 MgO lg.loss Total content of blast
i S (cn/9) (%) (%) (%) furnace slag (%)
3.03 4,060 2.79 2.60 1.1 45
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Table 6 Physical properties of cellulose fiber

Elastic Bond strength Tensile Density Fiber length E.ffectlve . Fibers Fibers
modulus (Mpa) |strength (Mpa)|  (g/cr) (mm) dlametier | Aspect ratio | count/Sach |cunt/each (g)
(Mpa) (mm) (cm)

6.1x10° 1.53 510 1.5 292 0.015 195 1,100 1,100,000

(a) Cellulose fibers enlarged by 400 times

(b) Finished producted of specialty cellulose fiber

Photo 1 Shape of specially processed cellulose fiber

Table 7 Mixture proportion of cellulose fiber reinforced concrete

Unit weight (kg/m?) Fiber content
Gmax ikt pe Blast Admixture
(mm) (%) (%) Water Cement Sand Gravel |, slag %) (%) kg/m?
40 53.7 457 160 208.6 849 1,008 89.4 2.09 0.08 1.2
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Table 8 Test results of slump and air content

Division Cellulose fiber reinforced concrete Plain concrete Rate of decrease
(A) (B) (A+B)
Slump Im mediately 8.5 10.2 83.3 %
(cm) 30 minutes after 8.0 95 84.2 %
Air content Im mediately 4.6 48 95.8 %
(%) 30 minutes after 39 4,0 97.5 %

16

14

121 Target slump

Slump(cm)

Plai Celluose Plai Celluose
an fiber ain fiber

Fig. 1 Slump test results of plain concrete and cellulose fiber
reinforced concrete
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Fig. 2 Air content test results of plain concrete and cellulose fiber
reinforced concrete
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Table 9 Test results of splitting tensile strength and compressive strength

Compressive strength (MPa) Splitting tensile strength (MPa)
Type of concrete
3 days 7 days 28 days 56 days 7 days 28 days
Cellulose fiber (A) 12,5 17.3 27.8 29.8 1.8 3.2
Plain (B) 10.7 15.4 27.0 30.9 17 3.0
Rate of increase (A+B) 116.8% 112.3% 102.9% 96.4% 105.9% 106.7%
5
-o—Cellulose fiber —_ -e-Cellulose fiber

30 © )
_ = Plain % . -=Plain
- =
= <
=3 W
) R
2 20 - b
7 2
2 2 2
8 2
£ E 1
o =3

»
0 ! ‘ 0
3 7 28 56
Age (days) 7 Age (days) 28

Fig. 3 Relationship between compressive strength of plain concrete
and cellulose fiber reinforced concrete
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Fig. 4 Relationship between splitting tensile strength of plain concrete
and cellulose fiber reinforced concrete
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(a) Used welded wire mesh (b) Used cellulose reinforced fiber

Photo 2 Comparison of concrete surface state
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Fig. 5 Location of mechanized form roads pavement construction

Table 10 Outline of main construction works

Division Contents
Ordered agency Dongin district office, korea rural community corporation
Total length and width Length 2,313 m X width 3.0 m
Slab thickness or subbase 20 cm, 20 cm
Construction period May, 2014 ~ Nov, 2014
Cast—in—place concrete amount 1,521 m’
Cellulose fiber content 1,521 bag (1.2 kg/bag)
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Table 11 Quality criteria of cellulose fiber granule

ltems Criteria Remarks
Moisture content More than 12 % KS L 2317
Apparent specific gravity Less than 0.1 KS M ISO 287
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(c) Cast—in—place concrete

(d) Finishing work (e) 3 curing hours after

(9) 28 curing days after

Photo 3 Construction landscape of cellulose fiber reinforced concrete

Table 12 Comparison results of construction cost

Used welded wire mesh Used cellulose reinforced fiber
e Unit ty Un(i\:vgr:i)ce (:’:st;:) unit ty Un(i\:vg:)ce (Sv(:::)
1. Labors cost
—Laying worker Person 0.6 112,897 67,738 Person 0.6 112,897 67,738
—Normal worker Person 0.6 84,166 50,499 Person 0.7 84,166 58,916
Sub—cost 118,237 126,654
2. Materials cost
—Wire mesh (150X150 #6) m’ 100 2,770 277,000
—Cellulose fiber (1.2kg/bag) Bag 20 8,360 167,200
Sub—cost 277,000 167,200
3. Total cost 395,237 Won (100 %) 293,854 Won (74.3 %)

% Concrete laying 100m’ or cast—in—place concrete 20m’ (Slab thickness 20cm)
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