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Abstract: Fiber reinforced plastic (FRP) structural shapes are readily available in civil engineering applications.
Among many manufacturing techniques used for FRP structural shapes, pultrusion process is one of the most widely

used techniques in civil engineering applications.

Pultrusion is a manufacturing process for producing continuous

lengths of reinforced polymeric plastic structural shapes with constant cross-section. Pultruded composites are
attractive for structural applications because of their continuous mass production with excellent mechanical properties.
This paper presents the results of investigations pertaining to the bolted connection with two bolts for the pultruded
FRP (PFRP) structural members. PFRP bolted connection tests were conducted with end distance to bolt diameter
ratio (ey/dp) and two types of bolt pattern such as horizontal (Pattern A) and vertical arrangement (Pattern B). As a
result, it is found that the e;/d, is recommended as the ratio of 4. In addition, it is also found that the bearing
strengths at failure of the Pattern A and Pattern B have a similar value.
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Table 1. Dimension of Test Specimens

Dsels)fgc::g:n Pattern Geometric Parameters (mm)

e; e; g s t | dp | dy
C-A-e3 30
C-A-¢4 A 40 | 20 | 40 | - 5110 12
C-A-e5 50
C-B-e3 30
C-B-¢4 B 40 | 25| - |40 | 5 |10 | 12
C-B-e5 50

Direction of . .
€2 thrtuo, o1 | Direction of
puitrusion connection

/ﬁ =0° force
- >

(a) Pattern A
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Direction of
connection

e ‘ ; :S 0=0° force
O O -—

Direction of

pultrusion
1 il [0
%”’r I ==
?‘—dh
dy
(b) Pattern B

Fig. 2 Geometric Parameters of Connection Specimens

2.3 PFRP EEQIZR MY

PFRP EEAAY AL Fodgtw +
oM FAHR O, 1,000kN £ w5 A
UTM)E  o]&3isitt. a5 WAy
Imm/min®  EE=Z Attt AL Single
Lap-Joint®] FE|Z Fh | om, A3 A& #
v AHRIE A FAZ Fig. 39 2ol AlZesith
AEE AAE g B oJs mHEZ uhAy
A FEE A0 AAE AT A3 )
QE Fig. 40 Jehiglon, A3o] 39 LEs
Fig. 5¢l YeR St

=

Fig. 3 Test Zig (Lee, 2009)
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Fig. 4 Schematic View
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(a) Patterm A
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(b) Patterm B
Fig. 5 Test Set-up
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3. PFRP S EHZAE Alg A3l 2 HHN Table 2. Test Result of the Connection Test
" o e e Specimen Failure Load mt?vemgli) ad Dominant
PFRP EEQAAF IS FPsto] sz, 3t Designation (kN) mate Failure Mode
WRe2 Qeste] Table 20 UERYQLT: T o S E—— & —
AE AlA F gxdd AEe Y PAES Fig 69 5 21.20 7]3:5
YER ST C-A-e3 |3 19.94 22.09 S
4 25.07 B-S
5 2527 B
= 1 24.64 B
4. PFRP EEQZ R AE ZIEY 5 2857 —Bs
C-Aed |3 24.75 27.09 B-S
4.1 EEXZo| tigt HEbiEle] Bi(eu,)oll wie ek 41 2942 I
. ‘ 5 27.95 B-S
%Eﬁlﬁo ] EHZE].' ﬁ%ﬂ?/]ﬂ H](e/db)gl ng]—oﬂ H]' 1 30.87 B-S
2 A48 W3E Fig. 7o JeERATE AlH Y 2 24.57 B-S
Agede BES wldy daglol edyt THE C-A-e5 |3 | 2947 288 |  BS
of wet stz FUkHEY, 1TSS AAF 7 ‘5‘ ;g'fg %
28he 2g FAF 5 Yk T 1216 BS
YI—]'T’]EE“E e/db7]' 301_] }‘]:5-04 73‘?"‘5 Pattern Aﬂ— 2 21.64 S
Pattern B 7oA L AldHo] A ¢tuty] glo] A C-B-e3 |3 23.70 20.31 B-C
Gl 7 A E RO e/dy7F 4 O]9 AlHES B 4 19.13 B-C
- o= 5 20.17 B-S
T ooy ay REVE WA dAst & HEAHoR | 559 BS
Aekstz] 7} dhAy skl o) B 26.19 B-S
C-B-e4 |3 27.08 26.12 B-C
4 23.60 B-S
5 26.58 B-S
1 26.17 B
2 27.82 B-S
C-B-e5 |3 26.51 26.05 B-S
4 25.49 B-S
5 25.00 B-S

<Failure mode>
Net Tension (NT), Shear-out (S), Bearing (B),
Cleavage(C), Cleavage-Tension (CT)

B-S : Bearing Failure — Shear-out Failure
(a) Pattem A T T

LA

Shear-out

I failure

Bearing failure

T

Roving
L T My
T e

(b) Pattern B 9”‘“ C _

Block-sh Net

failure failure

(Lee et al., 2010)

Fig. 6 Failure Mode of Specimens Cleavage failure

20 J. Korean Soc. Adv. Comp. Struc



Strength Evaluation of Bolt Arrangement in PFRP Bolted Connection with 2 Bolts

400

-
§ 300 2
= ®
% ! ?
s
(1
2 200 - H
-
v
=11]
£
-
3 Pattern A
/A 100
o o
0

1 2 3 4 5 6
End Distance / Bolt Diameter (e/d,)

(a) Patterm A
400
-
S 300
§ .
=
5 . .
= L ]
2 200
-
v
=)
=
=
3 ] Pattern B
A 100
®
®
0

: > 3 ‘ 5 6
End Distance / Bolt Diameter (e /d,)
(b) Patterm B
Fig. 7. Effect of Ratio eyd,

4.2 EEH|do]| ws P&

Pattern A%} Pattern B F7F4] ZER|Qo] u}&
A1t-s8 e WstE Fig. 8o YeERTE F71A 9
BEWde] & AgSEe AL Ak gt A
S Holal glow, R ro] Wil Y Tt
A 35}t} Hassan (1994)2] <1 Adfe] w2 F s
Ao EEE 7Y 7|88t 4 A FE W
st 7tEE djdd BEAFARFS MEE ddd
EEAANY e A9 wdsitta dFsta 9
. o] A A¥+= Hassan®] ArFAdet A5t

dEe Boli Stk

Of

-

P

%

ol

fr &

400

Pattern A
-~
3
g 300
<= o o
=
=
= o
= 200 Pattern B|
7]
&0
£ e
i)
3 o
/A 100
—6— Pattern A
—&— Pattern B
0

I | I
2 3 4 5 6

End Distance to Bolt Diameter (e/d,)

Fig. 8. Effect of Ratio e/d,

5. &8

o] A& 2/l BEEE o] &3 PFRP BEAAF
o] Aol Feol gt AFA AFoltt 2709 BEEE
7fES ARE wEd 27k BEEwAY EEAA
of st AFAYY Hlevdy)E MTE ATE T
o o5y 2 A8 Ik

(1) PFRP ZEQAAFI} 7]8kers] F3gs 7
HEsheE A, 7tEE 208 BES A e A9-9)
Mz 2708 BEE wAs A5 A48
2 A9 sYd3stt o] A= Hassan(1994)0] 4
stold AT-A el At

(2) PFRP ZEQAZAF BEAA ozt AdA
21 9] Hl(edy)7t V8 %EO&@%‘—Q o) 2] &
g% ZUkskelth 2y BEA A gk dAdAg
o Wl(e/dy)®] S7tel W T R|L-SH] FhE
< AR Faseith

(3) PFRP EEAANRS HEAA st AdA

29 vl(esds)7t 39 Afele BE
b AR AN AR E F
33 7} %“35421_% 4 oo Agvty &
S AR R & Ayl dyd s s &
A3t ol& Fato]l el FF(No warning
failure) 5 WAt ALHIE FE37] A=
BEAA | gt AdAR ] Hl(evdy)E 4 oJFOE
doksttt= A& 2 n| g},

@) BEAZ e AGAZ Hl(eydy)l
& Eif&oﬂ et HA 14~1.75 o]
on ARZHOZ ) 0|9

22

Vol. 5, No. 3, 2014 21



Lee, Young-Geun - Kim, Sun-Hee - Won, Yong-Seok *

Cheon, Jin-Uk - Shin, Kwang-Yeoul - Yoon, Soon-Jong

< 7hT) ool u|sto] PFRPoY| 3t
of dist AdA 9 Hl(esdy)= Tl Wt
oS FHIEF skl Utk oA A
sto] dwke] F ket PFRP AT 54 w
gt ddgn

47

49
H]
]

pAES

EE
2~
Al
£ o

ATl M= 2789

Fds3lon, 37 £

U A Ferh detAe Aol deide A9

& FehA] dgkrh webA o] e A2 A9
13 2E

of AHg-¥ PFRP 4AE9} olefst R R
of e Aotk aMrE FF uget PFRP
Al gt 2E WA dH, BE Aol A
T TR et WeE Fhs AT 3y
olof & Zlojt}

References

ACMA (2010), Pre-standard for Load and Resistance
Factor  Design  (LRFD) of Pultruded Fiber
Reinforced Polymer (FRP) Structures, American
Society of Civil Engineers, Reston, VA.

Bank, L. C. (2006), Composites for Construction:
Structural Design with FRP Materials, Wiley &
Sons, Hoboken, NIJ.

Hassan, N. K. (1994), Multi-bolted Connections for Fiber
Reinforced Plastics Structural Member, Master
Thesis, Department of Structural Engineering, Ain
Shams University, Cairo, Egypt.

Hollaway, L. C. (2010), “A Review of the Present and
Future Utilisation of FRP Composites in the Civil
Infrastructure with Reference to their Important
In-service Properties,” Construction and Building
Materials, Vol. 24, pp. 2419-2445.

Lee, Y. G. (2009), The Characteristics of Structural
Behavior of Bolted Connection for the PFRP
Structural ~ Member,  Master  Thesis, Hongik
University, Korea. (written in Korean)

Lee, Y. G, Shin, K. Y., Joo, H. J,, Nam, J. H., and
Yoon, S. J. (2010-a), “Modified Design of Floating
Type Photovoltaic Energy Generation System,”
Journal of the Korean Society for Advanced
Composite Structures, Vol. 1, No. 4, pp. 18-27.
(written in Korean)

Lee, Y. G, Shin, K. Y., Joo, H. J, Nam, J. H.,, and
Yoon, S. J. (2010-b), “Structural Behavior of

22 J. Korean Soc. Adv. Comp. Struc

Bolted Lap-Joint Connection in the Pultruded FRP
Structural Members,” Journal of the Korean
Society for Composite Materials, Vol. 23, No. 1,
pp. 37-43. (written in Korean)

Lee, Y. G, Park, S. Y., Park, J. S., Nam, J. H,, An, D.
J., and Yoon, S. J. (2011), Structural Behavior of
PFRP Connection with Single Bolt, Proceedings of
18th  International — Conference on  Composite
Materials (ICCM18), August, Jeju, Korea.

Lee, Y. G. (2013), Connection Behavior of Bolted Joints
for the PFRP Structural Members, Ph.D Thesis,
Department  of  Civil  Engineering,  Hongik
University, Seoul, Korea.





