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Concrete Shear Strength according to variation of
Shear span to depth ratio and flexural reinforcement
ratio in the CFRP bar reinforced concrete beam

Won-11 Jung

Department of Civil Engineering, Graduate School

Pukyong National University

Abstract

FRP(Fiber Reinforce Polymer) bar is the representative new material
considered as the substitutional material, which has the merits of
ani—corrosion, big tensile strength for its weight, non-electricity and
non-magnetism and brittle characteristics.

Recent domestic studies on the usage of FRP bar are increasing. The
studies largely can be divided into the usage of the FRP bar in section
enlargement method of construction and surface reclaiming method of
construction in case of maintaining and reinforcing the existing concrete
structure, shearing intensity evaluation of concrete and bent behavior in
case of being used as reinforcing rod for being bent as substitutional
material for the reinforcing bar and the characteristic of the adhesive
power of the FRP bar.

The Japanese engineering works institute and ACI do not consider the
variation of a/d and only consider the change of the bending reinforcing

rod rate, through those consideration, they evaluate the shearing intensity

_ix_



but Canadian standards suggests the formula considering the variation of
the a/d as well as bending reinforcing rod rate. In the domestic studies
related to this, they all suggests the results from the experiments
considering only the variation of the bending reinforcing rod rate
neglecting the change of the a/d in the concrete pillars using the CFRP
and GFRP.

Thus, in this study, for the exact evaluation of the shearing intensity of
concrete in case of using CFRP bar concrete pillar, through a series of
experiments, the evaluating formula for the shearing intensity considering
the a/d and the bending reinforcing rod rate at the same time will be
suggested.

The FRP bar used in the experiment is CFRP bar. For analyzing the
variation of the shearing ability and the moving characteristic of the
concrete pillar, we didn't do the shearing reinforcement. The a/d of the
concrete pillar used in this experiment is 1.5.2.0.2.5.3.5.4.5 and the
bending reinforcing rod rate is 0.00331, 0.00442 and 0.00791.

We could come to a conclusion as follows through the analyzing the
experimental results.

(1) The average shearing adhesiveness of the concrete in the CFRP bar
concrete is improving Kkeeping pace with the increase of the bending

reinforcing rod rate and the decrease of a/d.

(2) Shearing intensity correction coefficient(3) has the tendency to
increase according to the increase of the bending reinforcing road rate(p)

or the decrease of the a/d.

a

%>2.5Q % 5=0808-0.063(

)+ 52.538p (+*):0.919

%g 259 A% ﬂ:3.805—1.235(%)+93.541p (12):0.867



(3) We could get the better results in case of considering both a/d and
bending reinforcing rod rate than in case of considering only the bending

reinforcing rod rate.
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AR FHADE AvRd ZAES 4FAEE ) SEes 234
AE AHFEV, )= Fasl =0, B3 FRP bars AHEsHA v 45
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FEve FAYEFEAAVIES AF ACI codes Bol Fxat= w2
(1.Dell ik AH7H7F dadtrhar ey,

FRP bar 23YERS FadE A3 = H7tol @sto] FA7A =
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2.1 Michaluk 59 9+

Michaluk(1998) 5¥& H: CFRP bar, GFRP bar®] ¥R 7ZH S 2
o AT 1Y AR AR FAANDL Fae] J1E A A5 A
AFA1(ACI 318)& FRP bar® B74¥ S#r o] AdAdsS g ststa 9l
thal Baskd ek wEbx FRP bar2 R Hol diste] FRP baret 2
<o BAAASFH( E,/EJDE 19 A AL st AQ-D3 2
o]l $HE ADFE AL Alotats]

%L\/f—cfbd) (2-1)
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2.2 Deitz 59 A+

Deitz(1999) 5”& GFRP Bar, [dZA 2 z9g 3
GFRP Bar¢t ESCE ¢ B7H3 d= #hd
Michaluk o] A48 A0gE 2o oa Aedss A vhehd 2
G Eel tgk v E F3ke] Michaluk 5©] Alete 2lo] GFRP Barg Ab&
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2.3 Yost 59 9+
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Aol AoA A= ZAYE UE & I(concrete density effect), &= ZE

} A%
E A g7 4= (concrete resistance factor), M—Fd = d/ast S7)oltt,
F

2.8 Japanese Society of Civil Engineers 2 A X & A

JSCE(1997)l 4= FRP bare] 3 E Ko ZAE AG}E2S o}
o} o] At At oA7IA AGA = A EA] A HE A
ElgiiA e el = R

Vc,f = 5(1 51) 511 fVcd bw d /71) (2_8)

714, B;= (1000 / )Y* < 1.5

B, =A/100 p; E; / E,| <.1.5

B, = 10 (F%e] g1z A9

g = 232UE AANER=
Y, = AEDARAS(DEEH o 2 138 ALE)



M3 44

3.1 CFRP bar E3JE B A|QA A
2 Ao s B ode] oot Aol7l 250mmet 2400mm=E U A skl
2 150mm<} 200mme] 2&F<! CFRP bar 233 E HE F 3071 #1%
o} Attt o] FollA <ZLE3-1(a)>ol A9t o] # 200mmel B+ RS
2 P9mme] CFRP bar 25 AFE3IR AL, & 150mmel He FRAGLO=R
PImm(<LH3-1(h)>) 9 ®13mm(<1#3-1(c)>)°] CFRP barg 77} 284
Abg-3to] A& AT ol HA A ZEHE olfr = 3T FO B HAFTH e wig
£ F7] 93 Aot

200 150 150
O ) [V O - O O|—
(a) A, =209 (b) A; =209 (c) A, =2013

<719 3-1> CFRP bar ZZE B A@A|o o 2 uj=3 g
(&9'mm)

Y EEAZ 0mmz A m2A P9mm CFRP bars AHEE
o] frawoli 2152mmeol™, ®13mm CFRP barg AF83 4%+ 213.7mm
7F Ha, o] greEe ZAYES AGAE Bt AMgSsit B Ade &
A ERY] AGAEE Hrtstr] g Aeolm2 ®BOAAA Al Fol A A
BT dA AREEA ST

B A% Abg® CFRP barg2 Il DAFIA  d&EAEAY

H
(Pultrusion) 322 AzE Holw FAgESS] &S FAAI7]7] 9

3t bar W YA E 9 o]d(deform)S Fi UTF<AFA3-1>. CFRP
bard A& EAAE <E 3-1>°] AHg st e}
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< ¥ 31> CFRP bar M2 S4%

N Etg A+ (MPa) Setd = (MPa) 25 HEHE
® 9 mm 146,200 2,130 0.0146
® 13 mm 147,900 2,023 0.0137

0

e Aol 23 AgAS 7] fdte] 4 BE 244 Al #et
R, o5 H AFAY FHE <3E3-2>° HEHATE AFAE] A=
<19 3-2>9 7Tl A7|A AEAEe A WA A= Fngoe 2R
(C=CFRP bar), + WA A= AdEA2H)(a/d=15~45), Al HA F2+=
HYP R 7nlof] digh AR 7FH] 9 H & (R1=2.470, R2=3.299, R3=5.381)<
Uebdnh o HA E2 1, 2 5L AIFAS] FEE 91E Blolth

O

< X 32> AMEHMER 2 MEA =A

NP = \ N . S EhX| Zhd| g0 7oy 3] 1 7F2n)
= bxh (mm). | T 0 (@) | o | Bgaga
C-1.5-R1-1,2 200x250 209 0.00331 2.470
C-1.5-R2-1,2 150x250 209 5, 0.00442 3.299
C-1.5-R3-1,2 150%x250 2013 0.00791 5.381
C-2.0-R1-1,2 200x250 209 0.00331 2.470
C-2.0-R2-1,2 150x250 209 2.0 0.00442 3.299
C-2.0-R3-1,2 150x250 2013 0.00791 5.381
C-25-R1-1,2 200x250 209 0.00331 2.470
C-25-R2-1,2 150x250 209 25 0.00442 3.299
C-25-R3-1,2 150x250 2013 0.00791 5.381
C-3.5-R1-1,2 200x250 209 0.00331 2.470
C-3.5-R2-1,2 150x250 209 35 0.00442 3.299
C-3.5-R3-1,2 150x250 2013 0.00791 5.381
C-45-R1-1,2 200x250 209 0.00331 2.470
C-45-R2-1,2 150x250 209 45 0.00442 3.299
C-45-R3-1,2 150x250 2013 0.00791 5.381




» AlEA HS

» BHEZIZ == 15 No. 1

3| 3
a/d; 1.5, 20, 25, 3.5, 4.5 » EEZUZH|
b=20cm
AT 2709 h=25cm
b=15cm
R2 ; 2-99 =05em
b=15cm
38 £ 2-p13 =050m

< J8 32 > Ay Feol

Al Az AFSE FAYES AT 314¢ AllFE EEEXENSAHE

Abgsle] AA7 =4 E 27IMPa, 5S4 H A F 256mm, €9 Z 12cm

Ul DA} dvjZo 2 A=A 7o ZAEV B, FAHE
ZAYES fF5Ad Ty LT FAE st =u SAHYE e v=
A AAd AEDSTA AHd 234 Infracon-SRS A|HE S 9]
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< E 33> =Me =28 42

z 5 s 3 | z¥s | EULIE &
= A 2.58 2.66 2.58 4 FdT ol e
A= 2.68 6.77 2.68 de ST 2HE gHa
< ¥ 34> ZIZE dviE
sz | Bolz | 2-Adsd | BEAE 2 2 ko)
em) | &%) (%) G aue | 2 mEH @ReEH| 2
12 45 45.5 459 363 165 818 1000 1.810

H
g, B AEAe 2adE B 32 AR AR 3-1>~<AR
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32 A%
gL 7 2p o] A"z gl ARRSte] X P T4
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4
of 5EF AAzHe] B HFS 44 AGFHE AT F e 7

(K
ro

=
j%h
[
o
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|=]

T [e}

] 7FE e 35S Load cell, 28] X TU4H 3o AFL LVDTE A}
& ZA3R L o5 AEES TDS-601 Holg EZAZ o] &dte] 4

o]
ST <2 3-3>0 A A A R AsFHE HEFH AT

varapble
Actuator

Q

L 1

Concrete Strain Gage i i 150.200
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FRP Bar | Steel Strain Gage ﬁ

Al :

5 o}

1100

LvDT

2300
2400

“| 2200 |“

< 3% 33> AA M 2 xSt el
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33 AUET, HIAFH R dL:

AFAF Ao HAosts, Adddd ATl 1/2) 32 A=
<3 3-5>el Aelstel el o] Fell 74 TR AT 2709 AEA
2HE 9 FdEs A vetdid e, Bk A e s gAS

PRe JuHoE 2 Fol§ molmz A s

=

< E 35> AlgA ol zcistEs X utol e

Aujets | Bag | Auawd| Gt
NEEL Hdjsts | Aagk | A RIS 53] 5 oE
(kN) (kN) (kN) (kN)
C-15-R1-1| 75665 37.833 Abel 453 | CFRP At
178.400 89.200
C-15-R1-2| 178400 89.200 Aol 453 | CFRP Awt
C-15-R2-1| 141.890 70.945 Aol 45} | CFRP Awt
135.945 67.973
C-15-R2-2| 130,000 65.000 Abel 453 | CFRP A
C-15-R3-1| 167.870 83.935 Awol 45} | CFRP Aw
175.020 87,510
C-15-R3-2| 182.170 91.035 Aerol 45} | CFRP Aw
C-2.0-R1-1| 87.540 43770 A thol %4 5} 3
123.290 4I 61.645 3
C-20-R1-2| 123.290 61.645 AtHol 45} 3)
C-2.0-R2-1| 101.200 50.600 A kel 43} 3
92.953 46,127
C-20-R2-2| 83305 41.653 X121 %4 5} 31
C-2.0-R3-1| 119500 59,750 Avol 4o} 3
119500 == 59.750
C-2.0-R3-2| 50570 925.285 X121 5} 31
C-25-R1-1| 86310 43.155 X217 5} 31
96.925 48.463
C-25-R1-2| 107540 53.770 Avhol g5} 3]
C-25-R2-1| 77.170 38585 A}o1 % 5} 31
77.170 38,585
C-25-R2-2| 48010 24.005 X121 5} 31
C-25-R3-1| 82770 41.3%5 X121 5} 31
75.100 37.550
C-25-R3-2| 67.430 33715 X121 5} 31
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< E 36> AMEMO zuistES X uotufHe| (AF)

= Sk hyE| -EL i = ;ﬂ rd_e_:]1 bz| ‘EL i
NEEL Hoists Bk [ Hd SRIRAS w38 b oE
(kN) (kN) (kN) (kN)
C-35-R1-1 | 49580 24.790 AFQ1 753} 7]
57.055 28528
C-35-R1-2 | 64.530 32.265 AFQ1 753} 7]
C-35-R2-1 | 45.120 22.560 AFR174 3} 31
52.390 26.195
C-35-R2-2 | 59.660 29.830 AFQ1 753} 7]
C-35-R3-1 | 62150 31.075 AFQ1 753} 7]
57.860 28.930
C-35-R3-2 | 53570 26.785 AFQ1 753} 7]
C-45-R1-1 | 51.020 25510 AFQ1 753} 7]
51.580 25.790
C-45-R1-2 | 52.140 26.070 AFQ1 753} 7]
C-45-R2-1 | 50.740 25.370 AFQ1 75} 7]
47915 23.958
C-45-R2-2 | 45.090 22.545 AFQ1 753} 7]
C-45-R3-1 | 54.220 27.110 Akl o7
55.100 27550
C-45-R3-2 | 55980 27.990 AFQ1 73} 7]

Hdists 2EA 2 AlgAS] AR S <Al 35>~ <ARRl 3-32>
et Rtk B3 <29 3-4>~<¥ 3-33>el = Hdsts Z8A T F
Fde 4 AFA HE HERNCH oles 2= ke AdA ] v d
HE #ASAT <F 3-7T>~<E 3-11>elA e ZF AdA tiste] %7
Aol WA Hujsts AEAZEA ] FAZI A theto] skl

nt
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< AHRL3-50> S-SRI | RIS =S i 2

< ARl 3-6 > C-1.5-R1-2 Al®Ale #& mn =&
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<A (331005 S~ 20°RT- T Ae| =5 ufy| 2
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< ARElL 3-12 > C-2.0-R1-2 Al el #E mr 25
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< AHEl 3-14 > C-2.0-R2-2 Aol #E mr 25
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< AME 3-16 > C-2.0-R3-2 AlEA 2l 2F utz| 2

o>
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< A 317427 P25 R T2l = Soute| ‘25
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<AF (33190> 45-25-R2- (S Ao| =35 ufp| o

o>

< ARZRlL 3-20 > C-25-R2-2 Al&Alel =& notn =2

o>

_24_



< AL A3-21 287 C22:5-R8- il & 2| =& 5l B &

< ARE 3-22 > C-25-R3-2 AlEA el 2T mty 24
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< AL 3228 28 CagoaRil- tmdl Bl 2| £ &5~ 5l 25
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C-4.5-Rt-1

<'AE (33290> S 45-RI- TR Ae| =5 ufn| 25
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<-AHA (3530/> S745°R2- TR Aol = Z vk 25

_30_



< AL 3=31 20 CaA5aRE- LS o =& ulu 2 &

< AtE 3-32 > C-45-R3-2 AlEA e 2T mtn =2

o>
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34 3F-AHA A
AlE Aozl atE-AHAFHE <183-34> ~<19Y3-38>9] vEY
[e3]
AN
200 — 200 —
160 —
2120— 2120—
< <
T 9 T
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[+] [+]
= g0 - |
40 —
e C-1.5-R1-1
- —8—=—8C-15-R2-1
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2 T 7 1 i 4 A
0 10 20 30 40
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< O23-34 >G5 7 EREsliee| o =- =
200 — 200 —
160 — 160 —
5120 5120
< <
T 9 T
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200 — 200 —
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40 — 40 —
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Myl 2aeE gl e
Al =32/ FRP Bar =3z2|E FRP bar
AZHHE ¢ | AWUHE ¢ e/ e, e/ &g
C-15-Ri-1 606 2190 0.202 0.150
C-15-R1-2 1803 8267 0.601 0.566
C-15-R2-1 1834 7198 0611 0.493
C-15-R3-1 1337 4302 0.446 0.314
C-15-R3-2 1619 5266 0.540 0.384
C-2.0-Ri-1 1568 6813 0.523 0.467
C-2.0-R1-2 1802 7736 0.601 0.530
C-2.0-R2-1 1681 7643 0.560 0523
C-2.0-R2-2 1261 6172 0.420 0423
C-2.0-R3-2 578 1935 0.193 0.141
C-25-Ri-1 1653 5665 0.551 0.388
C-25-R1-2 1254 9960 0.418 0.682
C-25-R2-1 1183 4834 0.304 0.331
C-25-R2-2 1053 5306 0.351 0.363
C-25-R3-1 1378 3103 0.459 0.239
C-35-R3-2 1020 3302 0.340 0.241
C-35-Ri-1 1604 6233 0.535 0.427
C-35-R1-2 1619 13987 0.540 0.958
C-35-R2-1 1093 4480 0.364 0.307
C-35-R2-2 1401 6284 0.467 0.430
C-35-R3-1 1255 4278 0.418 0312
C-45-Ri-1 1142 5539 0.381 0.379
C-45-R2-1 1986 9274 0.662 0.635
C-4.5-R2-2 1089 7910 0.363 0.542
C-4.5-R3-2 1642 5184 0.547 0.378
% WYE ghol Fol@ AAAE AdHAe
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< 41> A YAY zdstE, M eE HANMe3y
o Al (4~
Z| i 5+ Z|CH ™ £ a-el
Al A (N (N) MeksH o|st 238 E
(MPa) ™ =t (kN)
C-15-R1-1,2 178.4 89.200 2.07 39.681
C-15-R2-1,2 135.945 67.973 2.11 29.761
C-15-R3-1,2 175.020 87.510 2.73 29.553
C-20-R1-1,2 123.290 61.645 1.43 39.681
C-2.0-R2-1,2 92.253 46.127 1.43 29.761
C-2.0-R3-1,2 119.500 59.750 1.86 29.553
C-25-R1-1,2 96.925 48.463 113 39.681
C-25-R2-1,2 77170 38.585 1.20 29.761
C-25-R3-1,2 75.100 37.550 1.17 29.553
C-35-R1-1,2 57.055 28.528 0.66 39.681
C-35-R2-1,2 52.390 26.195 0.81 29.761
C-35-R3-1,2 57.860 28.930 0.90 29.553
C-45-R1-1,2 51.580 25.790 0.60 39.681
C-45-R2-1,2 47.915 23.958 0.74 29.761
C-45-R3-1,2 55.100 27.550 0.86 29.553
R
————— ad=15
A w—a ald=2.0
|| —m- -mad=25 -
== —o a/d=3.5 o
25 | a——a—-u al/d = 4.5 g
N
>° | ) = " o - ap——
1.5 —f e — =
1 —
] ,.::,E","__: =
e
R e p A R R —
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P
< 38 4-1 > Metx|ZH] 2 FE2Z2d] st e gENMeksH (V)
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Z3kgk zle]m, FRP barg Ab&ste] R A 5o A&t ZATE
A =s R 7tste som deA Ak

oy gt AolHe Hesty] $8te] H<L¥ FRP bard ©4AFHE 1L
#3224 FRP bar ZAE H % &IH FxE9 ZAYE AdA:

= A& Hrrstgan A=t ok ob# A (4-3)olA 2t o] FRP bar
of A e AGH ] 94 Wb HF()E FIHE File] #HbE &)
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Vc,f_ @ ES Vc (4_3)
4714 v %de

21(4-3)l A V_ ;% FRP bar 23 E He| FA2E HAAFEE 9n|stn,
E;, E.& ZZ FRP bar , 829 2@HlS= 72l zlth
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2a Qo st
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< ¥ 4-2 > Mokx|zhy| 2 EHEZZH| HStol| w2 Mot E HEEA S
Motzbe
M ekx| Zh| EEAZH| -
Al H ™ (a/d) () HEHAF
a
P (8)
C-15-R1-1,2 0.00331 2.248
C-1.5-R2-1,2 15 0.00442 2.284
C-1.5-R3-1,2 0.00791 2.961
C-2.0-R1-1,2 0.00331 1.554
C-2.0-R2-1,2 2.0 0.00442 1.550
C-2.0-R3-1,2 0.00791 2.022
C-25-R1-1,2 0.00331 1.221
C-25-R2-1,2 25 0.00442 1.297
C-2.5-R3-1,2 0.00791 1.271
C-3.5-R1-1,2 0.00331 0.719
C-3.5-R2-1,2 35 0.00442 0.880
C-3.5-R3-1,2 0.00791 0.979
C-45-R1-1.2 0.00331 0.650
C-45-R2-1,2 45 0.00442 0.805
C-45-R3-1,2 0.00791 0.932
& ——2—— ald=15 -
— w—a a/d =20 y -
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3=3.805—1.235(>

1 )+93.541p

%>2.591 Rk

B=0.808— 0.063(%) +52.538p
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A6 7]

(a/d)¢} FRAIH(pE ¥

A eA]
3 Ay 2AAF7E A

Biom Fietel Fagith

A A4 (1?):0.919 (4-5)

AR A % (1%):0.867 (4-6)



43 o2 AJAE9Y Hu &4

71E9] THEA CFRP bar A E FxE ZAYE AAAEE
Tt gekel Aol Abgstdd AlFA 100E <FE 4-3> UEhHL
W, olse°l wigte]l ACI 440 S113] Fx2 (4-7), =749 AF4 (4-8),
Tureyen A|QF2 (4-9), CSA(2002) FH 24 (4-10), 1231 & A9 Ak
H(4-5), (4-6)=+ AEste] Hlaste] Holty o5 Ang <i 44>, <2
H 4-3>0] yer

. p E
ACT 440 34 : =—I=fLyv < (4-7)
T - Vc,f 90B1fcvc VC
A Ao V. ; = (0.626+39.890p;) <V (4-8)
Tureyen #|<H2] : V ¢ = (0.04ln p,;; +0.174) /T b,d (4-9)
VvV 1
CSA(2002) 334 Vo1 =.0.035 NB (¥ p; Eq ﬁ d)®b, d (4-10)
F

& (01AD, /T b, d <V ; < 02)8,/T b d

AT AR V.= BV,
o] 7] A %g 2.591 A¢ ﬂ=3.805—1.235(%)+93.541p (4-5)

a

%>2.5ﬂ 4% 620.808—0.063(d

)+ 52.538p (4-6)

<HE 4-4>91A V= AGhani et al. 3 Zhao et al.o] A Aol -3
gholar, Zhzhe] AekdlolA v, /V,.2 o AYFAE AdAES oA

Ui g dehie,
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< E 4-3 > ZEAE AEA S AAM|

p I_ d b fc/ f'u Ef

Source | No. | a/d
(%) (mm) | (mm) | (mm) | (MPa) | (MPa) | (MPa)

1 2.67 0.25 2262 225 200 40.5 2250 145.0

2 2.67 0.50 2262 225 200 49.0 2250 145.0

3 2.67 0.63 2262 225 200 40.5 2250 145.0

4 2.67 0.88 2262 225 200 40.5 2250 145.0
A.Ghani

et al.
(2004) 5 1.82 0.50 2262 225 200 40.5 2250 145.0

6 3.56 0.50 2262 225 200 40.5 2250 145.0

7 4.50 0.50 2262 225 200 40.5 2250 145.0

8 2.69 1.51 2500 250 150 34.3 1124 105.0
Zhao et
al. 9 2.61 3.02 2500 250 150 34.3 1124 105.0
(1995)
10 2.61 2.27 2500 250 150 34.3 1124 105.0

Tureyen? #|etA e AwmtA o AAFAEE FH}AH7Isla o, w7
o] AQbA2 o] & H|sto] A Wo] FH= AF}E HolFa Tt
21l 3 Aot EF v Wnks n#ste] ZAaES] AW E

& Brkska ek



ShH CSA(2002) FH 23 E A Aekd] & A 7he] e} 3 W 7F ]
o A &  glKo] A Ao

b Al e A3E dEa loew, %
—L

a8 %j%xmﬂlﬂ 1.82<ﬂtﬂ, = A v,/ V7t
3128 UYEtde] AexkH] auee] deAs RoAF v du
CSA(2002)¢] Fxd2jell ojatdd o] AlAel thste] 241S, 28 & AT
ARk el o)std 09955 vERH I vk AR 1kR] 250] 5= A
of zAtZE o] HF3t] CSA(2002) FH A £ A Ao 94 vl
of tig ofle& Fa rh

a8y 2 AT Ak FRAIu7F 0.331~0.791%2] Heledl s ds)
o] e =73 AlFA 49, 8~10W A
1T}, 8~10W AlgdAo] sl F&
polE HolF gt} wkHe] CSA2002) FH 2o 1w 7kulo] A glo]
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< E 4-4 > 0if M etAlEe| Hln
CSA = A7
ACI 440 = Aj Tureyen
v (2002) H| obA|
Source|No.| P

(kN) Vexp Vexp Vex Vex Vex

Vthe Vthe Vthe L Vthe — Vthe L

Vthe Vthe Vthe Vthe Vthe

1 136.110| 5.401 | 6.686 |30.354|1.190| 5.896 | 6.124 |27.777| 1.30 |36.800| 0.981

2 146.950| 9.820 | 4.178|33.912|1.384|10.373| 4.526 |37.560| 1.25 |47.355| 0.991

3 |47.230/13.610| 3.470|31.078|1.52010.609| 4.452 |37.784| 1.25 |46.346| 1.019

AGha 4 142.710119.011)2.247 |31.554| 1.354 [12.314| 3.469 |42.287| 1.01 |52.598| 0.812

ni

et al. | 5 196.180/10.802| 8.90430.830/3.120| 9.431 [10.198/39.909| 2.41 |96.653| 0.995
(2004)

6 |49.660(10.802|4.597 |30.830| 1.611| 9.431 | 5.266 [33.782| 1.47 |40.379| 1.230

7 38.450(10.802| 3.560(30.830| 1.247| 9.431 | 4.077 |30.039| 1.28 |37.563| 1.024

8 145.000121.390|2.104 |25.118]1.792|10.293| 4.372 |34.615| 1.30 |[51.685| 0.871
Zhao

et al. 9 146.000(42.780| 1.075|27.323| 1.684 | 13.003| 3.538 [43.396| 1.06 |80.748| 0.570
(1995)

10 {40.500|32.156| 1.256 |26.228| 1.544|11.887| 3.407 |39.320| 1.03 |66.326| 0.611
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E 45> 2 A7 MEAo ofsh CSAR0R) FHAlel MEH
CSA (2002)
AlEHY Ve v
Ve N
the
C-1.5-R1 89.200 32.314 2.760
C-1.5-R2 67.973 26.688 2.547
C-1.5-R3 87.510 32.300 2.709
C-2.0-R1 61.645 29.360 2.100
C-2.0-R2 46.127 24.248 1.902
C-2.0-R3 59.750 29.347 2.036
C-2.5-Rf 48.463 27.255 1.778
C-2.5-R2 38.585 22,510 1.714
C-2.5-R3 37.550 27.243 1.378
C-35-Rf 28.528 24.363 1171
C-35-R2 26.195 20.122 1.302
C-35-R3 28.930 24.353 1.188
C-4.5-R1 25.790 22.406 1.151
C-4.5-R2 23.958 18.505 1.295
C-4.5-R3 27.550 22.396 1.228
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