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Structural Behavior of Sandwich Type GFRP Arch and Field Applicability
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Abstract

This study investigated the structural behavior and field applicability of sandwich type GFRP arches with polymer mortar in core. As a result, in case of
crack loading and failure loading, total strains at crown were the highest; the fracture strain at crown was 0.01690, which is 4.2 times greater than the
fracture strain (0.004) of cement concrete. The 3 % deflection load was 17.42 kN, the flexural strength was 163.98x10” GPa, and the flexural elastic
modulus was 11.884 GPa. From load-deflection relationship up to 3.5 % deflection, 3D analysis results and experimental values were observed to be
almost identical. It was considered reasonable to set a deflection rate limit to be 3 % for structural safety purpose. The standard external flexural strength
of semicircular arch used in this study was approximately 2.64 times higher than that of hume pipe (2 type standard) and tripled composite pipe. The
external pressure strength at fracture was approximately 1.57 times higher than that of hume pipe. It was confirmed that the implementing semicircular
arch had mechanically more advantage than the circular pipe. Optimum member thickness was 8~53 mm according to arch radius of 450~1,800 mm and
cover depth of 2~10 m. It was found that the larger strength could be obtained even if the thickness of member was smaller than that of concrete structure.
In field application study, figures and equations were derived for obtaining applicable cover depth and optimum member thickness according to loading
conditions. These would be useful data for design and manufacture of sandwich type semicircular arch.

Keywords: GFRP, polymer mortar, sandwich type, semicircular arch, structural behavior, triple composite pipe

.M 2

S 2N T Qldtel FANY HofolHE
A A ELS] Flo] Folti FALS 4GB W

AR 5o
% Qs AEh ol o §ET ek ol A AR E S AT
S e AN E AT S APt Y A oF
3 vfoREA SO BHE 71 AEE 8] uhe] ofefat A
E9) AL 918 ATA o] T3] 0| F ol 1 9lek in et
al., 2004).

olof whet mo] FEe), agEStet ok Wi4d i
7} 7Pt A B AL ARgalo] A e 2 AR
7h E2v Egjolot. ZE Sl = AlMIE SgA|of ]
3| B2 3}k AL BER2 olx 5 oA I & AFkE A
150] 94510] AsiLt aljf S} L B4 Aol AAE:
FZEGo 7 Y] o]85]a Itk (Yeon et al., 1987; Yeon,

*  Department of Regional Infrastructure Engineering, Kangwon
Natioal University

t  Corresponding author
Tel.: +82-33-250-6465 Fax: +82-33-259-5560
E-mail: ksyeon@kangwon.ac.kr

Received: October 20, 2017

Revised: January 11,2018

Accepted: January 11, 2018

2009; Choi, 2017). Z12] 1L GFRP= -§-2] 415 (fiber glass) &
A=A B = Ho] o] 85w, E3L0} FejollAE 4],
of|FA] 27, Bl Dol AH 2 427, Hlim 4] Fo] ARGETh

ofefat Zelo] BRI} GFRPO] A4 ol 831o] AT
A A 52l St A RIAY 35 Hatstele) olle
SR 1 A o] §4-5to] sl 2 Hgtetel,
olof thet 4, Wt o] 7]&, Al ol et 715 =
A2 E]o] 9tk (Jin et al., 2013).

o] A-FoAf= o3t 35 He] THE 25
25k M 915]% GERP o}X) 9] 4] A5} @4
Shefo] st ek el olo] e 7129 2 2k
£ 22 ojg YelEl 715 7258 2

O of) T2 @ WL Askelo]

PAYsHA

QoL SR A sto] I ] Bl 4=t =2
A E AR 5SS S 4 = Aoz dEA Q)

o} (Gilbert et al. 1994) 2o} ;LZL 2wyl E w29}
eI W LRBEA A B E] Sl AYak A AR
crgkelo] ) BRIES AP 252 o] tho] ¢
R7PsL 23 PR} 2 Bae|EE ALt o] &
2]3}t} (Choo et al., 1991; Desayi et al., 1964).

o] Aol A dako R 1L Gl ME=SIX|F GFRP o]
FrE AT 2AES e AikHe) o7z} P

BlmEal3l=i Ao0d A2E, 2018 © 85



MERIRIY GFRP OIX|Q] 72X 7S H

e
Bl
2
i

R/} o] S0l ] el Ao
Aol frefste. eI AR AFS ol 2P
A Bl AT Fol galash] el el 2
48le}57] B o] 715510l BANS Bhugh 4 Lo RA]
S MAE 591 71 910k elefe o TS A
£ 910 QAT R S0l S sjof El SE ol B2
Q7S AR AR AHg B S A ) 20 E (culvert) S0
o] g3t 4= 9l}.
o] Aol Al o]oh 2 AESIX] GFRP ofx] 7]
4 Bl Y3t A} A NS Folo] P2H AT 5
K2 TR0 T o|210] MAlh Aol BT 4 9l 7]
RS S FA A4 Bl 2 5ol
tfste] 4 =ste] M sk

GFRP
pol)"mcr mortar
" N _— el :
outer face
— — |
core
PP peignnepeg . !
~ et |

inner face
'

(a) Cross section for composite material

2. A EXIZ

7} Z2|H 2EEE ME
(1) EX3} ZT2H 4
AR B3} Zajof| AE A= T AAF Al E 0 2 A
S4EFY (ortho type)©] ™, T1 422 Table 13} .

(2) MMA 2=0

MMA Hleofis 3= A3 B2} Zejo| g 2]
145} B]o- 2 Ealslo] AFRElglon], 71 A2 Table 29}
=

O

m

(3) 7AX1A) (initiator)

A O = BEsh Belo|AE] S0 A5} ZAA}
A7t e lom Aok flsl AAAIE ARSRITh AN
2k 7HAIA| 2] 43 2-2- Table 33} 2t

@) = ARA

o8 A=A
S0 WAste] 2= <t

A 26109 Azl 2 sl
2P Aol A o] e 5

AHAE AHE-3HH, 1 4482 Table 49} 2.
glass fiber of resin protective
fiber of outer face .
S inner face layer of outer face reimforced glass fiber
s layer of outer face
pelymer mortar ’
in core polymer martar layer

reinforced glass fiber
layer of inmer face

resin protective

layer of inner face

(b) Typical cross section

Fig. 1 Cross section of GFRP 3—layer composite materials [http://www.rrcpipe.co.kr/sub_page/print. php?write=product]

Table 1 Properties of unsaturated polyester resin

Density (25 °C) Viscosity (25 ‘C, MPa-s)

Acid value Styrene content (%)

1.13 300

20.0 40

Table 2 Properties of the MMA monomer

Density (25 °C) Viscosity (20 C, MPa-s)

Molecular weight (g/mol) Apperance

0.9420 0.56

100 Transparent

Table 3 Properties of initiator

Component

Specific gravity (25 °C)

Active oxygen

MEKPO 55 %  DMP 45 %

10.0
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Table 4 Properties of shrinkage reducing agent
Density (20 °C) Viscosity (at 20 °C, MPa-s) Nonvolatile substance (%) Appearance
111 3,100~4,100 34~38 Transparent
0] 40~50 mm, = 1 mm, 57 0.3 mm¢| tHAd-8-o]u F}5k7]
it =2 osha] E/J-2 Table 8 W 99} Zith
et SRR 5

(5) A A S2A

ZA e} (2) GFRP2] 2/gu]
AR 223} ZTol|AF =25 ARSI o, A
SZHIZ| £9
A 20.0 wt%, =4

ZA 2= AE)7t M (silica sand) & ARE-3F S, Z| )
H7]= 5 mmo]al eE0] 0.1 %Ol5H7} H =% 53l o,

Z-2 Table 59} At} A=

olof thgh =24 A4
o, 71 422 Table 63} At}

F71oHAEY W B WA, 5

R e R
2148-= 60.0 wi% = 5}t

A} 20.0 wt%, -

242 A8l
(6) E2v BE=El=2.9] vy
Zejv]) w22 o] dighils vHEAFo] ofa) 27 19
o, 71 A= ths Table 73} . _
3. AIH H=
Lt GFRP2| M= Al A= A4AH (centrifugal casting) 3 02 A 25t
1) fI4% AP vl Fe = deksto] Alasll on 1 42> Fig.
AREE G2 = & 2EWE (chopped strand) 24 2 29} 7k,
Table 5 Physical properties of aggregate
Size Apparent density Unit weight Finess Water contents Organic
(mm) (g/cem?) (kg/m?*) modulus (%) impurities
0.08~5 2.64 1,648 3.09 < 0.1 Nil
Table 6 Properties of heavy calcium carbonate
Specific Absorption Moisture content PH Mean grain size Retained Percentage
gravity (%) (%) (um) of 325 mesh sieve (%)
275 0.20 0.3 less 8.8 13 14.3
Table 7 Binder formation and mixture proportion of polymer mortar (unit : wt %)
Binder formation
Binder content Filler Fine aggregate
UP : MMA MEKPO (phr*) DMA (phr*)
12.0 80 : 20 1.5 1.0 18.0 70.0
phr* : parts per hundred parts of resin
Table 8 Chemical components of glass fiber (unit : %)
Si0, AlOs Ca0 MgO B>03 Na,0—-K>0 SOs
52~72 0.6~16 10~25 0~25 2~13 0~14.2 0.7
Table 9 Physical and mechanical properties of glass fiber
. Tensile Modulus Max., Max. Coefficient of
Specific .. . .
- strength of elasticity elongation absorption thermal
9 (MPa) (MPa) (%) (%) expansion
2.54 1,500 74,000 4 0.3 5.0x107° /C
Bl=s 3 alsl = Al60d A2E, 2018 « 87
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(a) Plan diagram (b) Cross—section A—A
Fig. 2 View of arch specimen Fig. 3 Standard dimensions of arch specimen

(a) Specimen A (b) Specimen B (c) Specimen C

Fig. 4 Failure details

Table 10 Specification for arch specimen (unit: mm)
Division Specimen A Specimen B Specimen C
Length 285.17 256.67 308,58
. outer inner outer inner outer inner
Specimen core total core total core total
face face face face face face
Thickness 2.46 13.71 354 19.71 2.42 14,42 3.33 20,17 2.38 14,58 3.29 20.25
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Table 11 Flexural strength and flexural elastic modules
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Flexural elastic modules (GPa)

Experiment -, ot "
Specimen Failure Load (kN) iX;:Z_gsG:S;)g 3% deflection
load (kN) deflection (mm) 3% deflection
A 33.633 34,02 16.650 155,45 11,700
B 35.298 37.89 17.649 173.26 13.076
C 40.293 47,61 17.982 163.23 10.876
Average 36.408 39.84 17.427 163.98 11.884
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Table 12 Elements required for numerical analysis Ct. 3=l et Z2E
Specimen 7+ A3 A o] T2t 3D djj4] Axk=Fig. 8, Fig. 9, Fig. 103}
Division Width (mm) Thickness (mm) 2}, =234 o) o8t 23 o] AAAL AES] ¢t A
A Gl Ll 3 k3ol W AFge, ol 28 3D s S22 vla
° e o slod LiEfl 201 Fig. it of71] ol sl 4 3)
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7y = SR 5 (1—cosp) - 122 3)

Fig. 110]|A] 0] 28225 % H$J7} HAYsh= 2F 25 kN 7t
A= S ET 24 sl o o] & AUA £

Fig. 7 Load acting on arch model

(a) Maximum stress (b) von Mises stress (c) Maximum deflection
Fig. 8 3D analysis results for specimen A

(a) Maximum stress (b) von Mises stress
Fig. 9 3D analysis results for specimen B

(a) Maximum stress ) von Mises stress (c) Maximum deflection
Fig. 10 3D analy3|s results for specimen C
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Fig. 11 Load — stress relationships
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Table 13 Specimen size and material properties of semicircle arch structure

Specimen size Unit weight Flexural elastic Flexural strength Poisson’s ratio
Width (mm) Thickness (mm) (kN/m) modules (GPa) (%107 GPa) ©)
1,000 20.03 0.609 11,884 163.98 017
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HHAF ofA] A 9 AR F-88 4= & Aol

3. 3159 WA RE] 3.5 % WY A= 3D aj4ast 2
ot Ao] ot gho] A9 A S = uf 222 oF
/g FEE QIR 7|52 M9 3 %= Hsk= Zlo] B
ot gkt

4. 2 Aol ARERE HHIF ofA| 9] Q= HE (2F

718 935 HRET 7% A YT oF 264,

b3 A] QP oF 1L57u7F 2A et a2
o ofeta oz fefghe =l & 4= )l

5. o}x] W4 9] =7] (450~1,800 mm) @} - 5|11 (2~
10 m)o]| whe} 27 1A F 77 8~53 mm S UrERR
ch. o] AW FE FA2|E F-5of visto] B FA 7}
Zote F 4TS A& 5 USE & 5 ATk

6. =912 GFRP ofA|= A5 &zl A& ol2fal

wobe]n, g F7HA 02 o T W AIRA 9] 27

23 A zHPHAr] EA AR AFS] EA LAl E
28 123t A7t g E]ojof 3t Aok
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