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Punching Shear Strength of RC Slabs by Simple Truss Model

0|8* - HEa*
Lee, Yongwoo * Hwang, Hoonhee

Abstract

The punching shear strength of RC dabs is estimated analytically by the simple truss model. To avoid intrinsic difficultiesin
punching shear analysis of reinforced concrete dabs, the dabs were divided into three sub-structures as the punching cone and
the remaining parts. The strength of the punching cone was evaluated by the stiffhess of inclined strut. The stiffness of springs
which control lateral displacement of the roller supports consists of the steel reinforcement which passed through the punching
cone. Initia angle of struts was determined by curve fitting method of the experimental data with variable reinforcement ratio
in order to compensate for uncertainties in the dab's punching shear, the smplification errors and the stiffness of the remaining
sub-structures. The vaidity of computed punching shear strength by simple truss model was shown by comparing with exper-
imental results. The punching shear strength, which was determined by snap-through critical load of shallow truss, can be used
effectively to examine punching shear strength of RC dabs.

Keywords : punching shear strength, truss model, rc dabs, snap-through buckling
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H 2. HEMCRES H[I
i Punching Shear Strength (kN

Ref.| Spedmens | span | h - fgppliedd  fu p L%agfflgg Truss jlj ang o C;b BS
or Researcher mm mm mm | MPa (mmxmm) Exp. moddl | e 8l ACI AP 8110
BI10S 462 | 356 32 46.3 | 0.003 | 38.5x924 175 14.7 393 283 214 252

BI7S 3232 | 33 297 | 46.3 | 0.003 | 38.5%x924 21.2 16.8 35.6 25.6 19.6 22.8
BI10-NSEW 462 | 356 32 46.3 | 0.003 | 38.5x92.4 23.0 14.7 39.3 28.3 214 252
BI10-CE, CW | 462 | 356 32 46.3 | 0.003 | 38.5x924 27.0 14.7 393 28.3 214 252
BI10-NC,SC | 462 | 356 32 46.3 | 0.003 | 38.5x92.4 24.9 14.7 39.3 28.3 214 252
BO10O-NSEW | 462 | 356 32 46.3 | 0.007 | 38.5x92.4 33.7 24.2 39.3 28.3 253 304

@) BO7S 3232 | 33 297 | 46.3 | 0.007 | 38.5%x924 30.6 276 35.6 25.6 231 275
BO10-CE,CW | 462 | 35.6 32 46.3 | 0.007 | 38.5x924 40.1 24.2 39.3 28.3 253 304
BO10-NC,SC | 462 | 356 32 46.3 | 0.007 | 38.5x92.4 37.0 24.2 39.3 28.3 25.3 304

PIS1 7112 | 719 | 611 28 | 0003 | 84.7x203.2 | 1095 | 66,5 | 1029 | 884 56.3 70.2

PIS-2 7112 | 719 | 611 28 | 0003 | 84.7x2032 | 1068 | 66,5 | 1029 | 884 56.3 70.2

POS-1 7112 | 719 | 611 28 | 0.007 | 84.7x203.2 | 147.0 | 109.1 | 1029 | 884 66.5 84.6

@ TS1-C1 710 60 54 27 | 0010 | 66.7x166.8 | 105.0 | 89.7 67.4 63.9 60.9 75.8
TS2-C1 710 60 54 27 | 0010 | 66.7x166.8 | 1180 | 89.7 67.4 63.9 60.9 75.8
A175X150 710 68 54.4 | 26.6 | 0.010 75%150 99.7 90.8 789 62.4 56.4 71.4

3 A1100X200 710 68 54.4 | 26.6 | 0.010 100x200 116.1 | 926 95.7 76.5 63.9 81.1
A275X150 710 68 544 | 26.6 | 0.005 75%150 96.7 66.9 789 62.4 448 57.4
A2100X200 710 68 54.4 | 26.6 | 0.005 100x200 1072 | 67.2 95.7 76.5 50.8 65.2
H3 1067 | 100 20 45 | 0.014 100x250 4180 | 311.0 | 291.3 | 2133 | 196.0 | 2499
H4 1067 | 100 90 46.1 | 0.012 100x250 4180 | 2931 | 2984 | 2159 | 186.1 | 237.3
H5 1067 | 95 855 | 418 | 0.012 100x250 379.0 | 2584 | 2524 | 1920 | 1713 | 2180
H6 1067 | 95 85.5 43 | o011 100x250 3130 | 2476 | 259.7 | 194.7 | 166.8 | 212.2
@ F8 2000 | 175 | 1575 | 27 | 0.014 200x500 11270 | 907.4 | 584.2 | 553.8 | 459.0 | 596.8
F9 2000 | 175 | 1575 | 27 | 0.007 200x500 9230 | 6708 | 584.2 | 5538 | 364.3 | 473.6
F10 2000 | 175 | 1575 | 27 | 0.005 200x500 9110 | 5781 | 584.2 | 5538 | 3325 | 4323
F11 2000 | 175 | 1575 | 27 | 0.004 200x500 844.0 | 4629 | 584.2 | 5538 | 2929 | 380.9
F12 2000 | 175 | 1575 | 27 | 0.004 200x500 576.0 | 4629 | 584.2 | 553.8 | 2929 | 380.9
F13 2000 | 175 | 1575 | 27 | 0.004 200x500 7150 | 4629 | 584.2 | 5538 | 2929 | 380.9
A-3 1500 | 180 126 | 36.8 | 0.008 200x250 608.0 | 476.7 | 664.8 | 3575 | 2359 | 308.7
NS 2350 | 180 126 25 | 0.013 300x600 625.7 | 4149 | 6889 | 483.7 | 289.6 | 411.2
(0] 2350 | 180 126 | 29.7 | 0.013 300%x600 525.6 | 4157 | 8185 | 527.3 | 306.7 | 4355
A-6 3500 | 220 154 | 238 | 0.012 200x500 990.5 0.0 702.6 | 505.0 | 391.8 | 510.1
S-80 1500 | 160 112 | 31.4 | 0.008 200x260 392.3 | 337.7 | 486.8 | 286.0 | 189.0 | 2482
C-80 1300 | 160 112 | 315 | 0.008 200x260 519.8 | 3883 | 4883 | 2864 | 189.2 | 2485
NS-1 1500 | 120 84 29.6 | 0.010 150%375 284.4 | 1650 | 3200 | 211.1 | 1433 | 1894
SLAB-A 1650 | 170 119 | 32.8 | 0.008 200x500 500.1 | 366.3 | 6835 | 4264 | 2185 | 306.3
A-1(15) 2350 | 180 126 | 284 | 0.013 200x500 6619 | 4059 | 6384 | 4263 | 3291 | 4278
© A-2(15) 2340 | 180 126 | 284 | 0.013 200x500 686.5 | 4075 | 6384 | 4263 | 3291 | 4278
B-2 2350 | 180 126 | 284 | 0.013 200x500 686.5 | 4059 | 6384 | 4263 | 329.1 | 4278

IS 800 71 49.7 | 46.8 | 0.010 45x150 1049 | 634 | 1266 | 66.8 66.4 81.4

(0] 800 71 49.7 | 46.8 | 0.010 45x150 100.0 | 634 | 1266 | 66.8 59.1 73.9

IR 800 71 49.7 | 46.8 | 0.010 45x150 101.0 | 634 | 1266 | 66.8 66.4 81.4
NS-2 1500 | 120 84 29.6 | 0.010 150%375 304.0 | 1650 | 3200 | 211.1 | 1433 | 1894
C-25 1300 | 160 112 33 | 0.008 200x260 3923 | 3885 | 5122 | 2934 | 1743 | 239.3
DR-6 1800 | 190 133 | 40.7 | 0.013 120%x300 649.2 | 5622 | 7259 | 3879 | 3211 | 4158
F5 1200 | 100 70 40 | 0.018 | 88.6x88.6 1388 | 127.7 | 186.0 | 936 | 1149 | 1439

TP 508 | 40.6 | 40.6 28 | 0.006 50x100 60.1 414 31.8 331 27.2 34.3
NSNWO0.5P 1900 | 150 120 | 37.8 | 0.005 250%250 3102 | 2576 | 569.6 | 364.0 | 2204 | 2845

(1) Perdikaris 5 (1089), (2) Youn 5 (1998), (3) Azad 5 (1994), (4) Mufti 55 (1998), (5) RilFHi=E4 5 (1984), (6) Kinnunen 5 (2001)
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. . Loading Punching Shear Strength (kN)
Ref,| Specimens | spen | h - \gppliedd| fu | Plate Truss | Jiang Ceb | BS
*| or Researcher mm mm mm MPa
(mmxmm) | BP | podel | eal. | A9 | FP | 8110

3000 | 125 | 107 | 256 | 0011 | 100x100 | 2160 | 1617 | 1769 | 1494 | 1613 | 2058
3000 | 125 | 107 | 338 [ 0011 | 250x250 | 257.0 | 179.4 | 3999 | 296.1 | 237.8 | 306.2
3000 | 125 | 107 | 297 [ 0011 | 450x450 | 301.0 | 181.6 | 5461 | 4331 | 3055 | 396.0
3000 | 125 | 107 | 242 [ 0011 | 100x100 | 1960 | 161.2 | 167.3 | 1453 | 1583 | 2020
Manterola | 3000 | 125 | 107 | 331 | 0011 | 250x250 | 283.0 | 179.4 | 391.6 | 2930 | 2362 | 304.1
3000 | 125 | 107 | 397 [ 0011 | 100x100 | 1840 | 1649 | 2744 | 1861 | 1867 | 2382
3000 | 125 | 107 | 358 [ 0014 | 100x100 | 211.0 | 1739 | 2474 | 1767 | 1955 | 249.4
3000 | 125 | 107 | 392 [ 0005 | 100x100 | 1650 | 1145 | 2709 | 1849 | 1430 | 1824
3000 | 125 | 107 | 264 [ 0005| 100x100 | 1750 | 1142 | 1825 | 1517 | 1253 | 159.9
1500 | 120 | 95 67 | 0004 | 150x150 | 1780 | 1417 | 540.7 | 2540 | 1500 | 1913
1500 | 120 | 95 70 0007 | 150x150 | 249.0 | 1946 | 5649 | 2506 | 1834 | 2339
1500 | 120 | 95 69 | 0012 | 150x150 | 3560 | 2515 | 556.8 | 257.8 | 2185 | 2787
1500 | 120 | 95 66 | 0021 | 150x150 | 4180 | 2888 | 5326 | 252.1 | 259.4 | 330.9
1500 | 120 | 95 74 10009 | 150x150 | 3560 | 2213 | 597.1 | 267.0 | 2032 | 259.1
Marzouk/ | 1500 | 150 | 120 | 70 [ 0005 | 150x150 | 489.0 | 3230 | 779.3 | 3614 | 2275 | 2921
Hussein 1500 | 150 | 120 | 74 | 0015| 150x150 | 5430 | 499.1 | 823.8 | 3716 | 3342 | 4292
1500 | 150 | 120 | 80 | 0021 | 150x150 | 6450 | 4927 | 8906 | 386.4 | 3837 | 492.8
1500 | 120 | 95 42 | 0012 | 150x150 | 3200 | 2482 | 3389 | 201.1 | 1851 | 236.2
1500 | 150 | 120 | 30 | 0.005| 150150 | 396.0 | 321.1 | 3340 | 2366 | 1715 | 2203
1500 | 150 | 120 | 68 | 0.005| 150150 | 365.0 | 3229 | 757.0 | 356.2 | 2253 | 2893
1500 | 150 | 120 | 69 | 0010 | 150150 | 4360 | 449.4 | 7682 | 3588 | 2852 | 366.3
1690 | 125 | 875 | 401 | 0006 | 150150 | 1980 | 124.4 | 3429 | 1755 | 1294 | 1646
1690 | 125 | 875 | 37.4 | 0007 | 150x150 | 2220 | 1353 | 319.8 | 1695 | 133.1 | 169.2
Corley/ 1820 | 146 | 1022 | 444 | 0015 | 254x254 | 3340 | 297.1 | 6519 | 3234 | 2743 | 35238
Hawkins 1820 | 146 | 1022 | 444 | 0010 | 203x203 | 266.0 | 2419 | 5652 | 277.1 | 2184 | 280.1
1780 | 152 | 1064 | 233 | 0011 | 254x254 | 389.0 | 2926 | 361.1 | 2468 | 2100 | 2704
1780 | 152 | 1064 | 221 | 0015 | 254x254 | 356.0 | 334.2 | 3425 | 2404 | 2288 | 2946
1780 | 152 | 1064 | 226 | 0020 | 254x254 | 364.0 | 366.0 | 350.3 | 2431 | 2537 | 3267
1780 | 152 | 1064 | 245 | 0011 | 254x254 | 3930 | 2928 | 379.7 | 2531 | 2136 | 2750
1780 | 152 | 1064 | 254 | 0020 | 254x254 | 3780 | 368.7 | 3937 | 257.7 | 2638 | 339.7
Moe 1780 | 152 | 1064 | 222 | 0011 | 203x203 | 3430 | 286.7 | 2989 | 2068 | 1888 | 2424
1780 | 152 | 1064 | 23 | 0011 | 203x203 | 3780 | 287.0 | 309.7 | 2105 | 1910 | 2453
1780 | 152 | 1064 | 266 | 0014 | 152x152 | 3120 | 2975 | 3041 | 189.1 | 1966 | 2518
1780 | 152 | 1064 | 27.6 | 0014 | 152x456 | 394.0 | 3285 | 4380 | 3059 | 2613 | 337.1
1780 | 152 | 1064 | 261 | 0.011 | 254x254 | 3720 | 2931 | 4045 | 2612 | 2181 | 2808
1780 | 152 | 1064 | 208 | 0015 | 305x305 | 4330 | 3410 | 3647 | 2662 | 2437 | 3144

(6)

Swamy/Ali

1780 | 152 1064 | 141 | 0012 | 254x254 | 303.0 | 3011 | 2185 | 192.0 | 1829 | 2355
1780 | 152 1064 | 252 | 0012 | 254x254 | 365.0 | 305.2 | 390.6 | 256.7 | 2219 | 2857
1780 | 152 106.4 29 | 0.012 | 254x254 | 356.0 | 306.0 | 4495 | 2753 | 2326 | 2994
1780 | 152 1064 | 36.8 | 0.012 | 254x254 | 351.0 | 307.0 | 5704 | 310.2 | 2518 | 324.2
1780 | 152 1064 | 203 | 0.012 | 254x254 | 356.0 | 303.8 | 3146 | 2304 | 2065 | 2659
1780 | 152 1064 | 195 | 0.025 | 254x254 | 400.0 | 3724 | 302.2 | 2258 | 260.2 | 335.0
Elestner/ 1780 | 152 1064 | 374 | 0025 | 254x254 | 467.0 | 3942 | 579.7 | 3127 | 3233 | 4163
Honestad 1780 | 152 1064 | 279 | 0.025 | 254x254 512.0 | 386.1 | 4324 | 2701 | 2932 | 3775
1780 | 152 1064 | 128 | 0.037 | 254x254 | 356.0 | 3132 | 1984 | 1829 | 257.7 | 3318
1780 | 152 1064 | 226 | 0.037 | 254x254 | 4450 | 3541 | 3503 | 2431 | 3115 | 4011
1780 | 152 1064 | 265 | 0.037 | 254x254 534.0 | 3652 | 410.7 | 2632 | 3285 | 4229
1780 | 152 1064 | 345 | 0037 | 254x254 | 547.0 | 3805 | 534.7 | 300.3 | 358.7 | 461.8
1780 | 152 1064 | 26.1 | 0.012 | 356%356 400.0 | 311.3 | 510.7 | 3351 | 2635 | 3406
1780 | 152 1064 | 27.8 | 0.025 | 356x356 534.0 | 4251 | 5439 | 3459 | 3437 | 4442
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T 2. HEMoZEol H|W (%)
Re.| Spedmens | sen | h|appliedd| fa | Loxing T::J;Chmgjear Srength (kgzb s
or Researcher | mm | mm | (mm) | MPa ExD. NG {
(mmxmm) P | model | etal. FP | 8110
1780 | 152 1064 | 26.2 | 0.005 | 356x356 236.0 | 1924 | 512.6 | 3358 | 197.0 | 254.7
1780 | 152 106.4 | 47.7 | 0.009 254%x254 3340 | 2663 | 7393 | 3531 | 2494 | 321.1
Elesner/ | 1780 | 152 | 1064 | 439 | 0020 | 254x254 | 5050 | 3780 | 680.4 | 3388 | 3166 | 407.6
© Honestad 1780 | 152 106.4 50.5 | 0.030 254%x254 578.0 | 4080 | 7827 | 363.3 | 379.7 | 488.9
1780 | 152 | 1064 | 297 | 0069 | 356x356 | 489.0 | 3550 | 5811 | 3575 | 4928 | 637.0
1780 | 152 106.4 | 47.6 | 0.005 254%x254 200.0 | 1921 | 737.7 | 3528 | 2049 | 263.8

dof| oJ$k C-25 AFAe] AFARI== AlLkE 555 kN
70%R1 389 kNO2A| QFZ ol Ak whe- e 4
= YeRd

AEE AT i3 g B wdo o&Zdvh= o
=9 3 19 Blgt d3 A7 2 AATES HlaE Ao
B2 BuE 9sle] F 1099 AFAT} FoilA FA}
Ao 27174% 2K Al AREE AES wiAAZ]
Ao Sl st AAHIAT dSAx 19 &l =
A=tk Aoz vepd S tizde A3 G5
Fhol k3] dAsh= 9ol wWehA, o5 HAZ &
HAZ (s 9%)9 HolHES Adzint I d=% Ao
B S €5 AEkS Jelie 325 dde =
SN olEZ (e 220 FAIEL T, Ak
o thet d=gke] 2apl 30%2) HWAS FU4e] AAS
FAoE 77t 919} ofell HAoE EABIAL

e Evll RdE okl Audk vie}l 2ol 079 b
A7t A=A R Y] Aol T et of
gze] QP Atolol] EFEEH iAo R Qbd Zof U
H oSS UeERATE oRl, 7 o] AEAIA AY
HETE FA d5E AS7t B oy wiEsE FAIS
A= Z47F 055%} 3.08%=A] Wi ZHe F5=0]dt). o]
2] ATFEEE 5, 2004004 gt S ATE UER
A Jang 5(1986)°] A2 2] A HAgellA] Fhar
SA] 92 o] AgAelA dSgke] AikS FA A3
shke 797 WAlste] S 91Ee] QA el e
of o2} 7je] Holg7t EXsidnt. AAZIEAEY 75l
= U HSe] I3 G583 JERSITE BS8110
(19972 e Ef2 Bdy fARH] dif-te] A7t &
ST o] QAP Atolel ExEste] HlwA J
H AEs Belon % 9o UER 5oty BiE
19.4%=2A APA|e] AIAIIEE vlwd A5 F4
sl e Aoz Yehdth ey, oAl Zle] AFA|olA
AR} ARG A S]] S| =54
= YR 757 W Evf EdET Bo] WAtk
. CEB-FIP(1990)¢} ACI318-05(2005)2] Z¥h= F2 ol
0] Qapdy YRksA| Rarsie] tE FlEel sl )
AHog &S A e AS & F Ut dEe

2}e) B-e 72t 3A%s} 31%E FAKSE oI eu T}
o]
O

%
=AYt ZA) dEshe A9} g wasiion] o
Fol BE Ex Al sl =) ehdeh ojsh e o]

= ACI318-052] 7390l AAANITI} 45°9] HAIZ 1

1rl

N

E28% H2AYE - 2008F 3A

:
G NPT 5 g W ]
B9l Qo gt B, vwdshs 7 APA5e) 4

54 B

niggte] £ el WG HAYSS 9] 1
HIs et AR gS5HAeE FHHNAE 55k &~
z3 FAE AR 23 O Eds 2l old3E9]
ok AL E5EAe] SR A EE 9, Ao Zo)
of ZATES] gAIG o3l AHoH L, 2~F FAje
A= AFETe] eAS, AR vigst Xzt 9
3 ARt 23 P Evl FREO] ods) B
Al Ao EEA] 2 ArEA|Y] AAEe} Teslel o)
£ 54| EFAS Haskshr] flste] AN =
7105 E RS FousE 39 IARS Bl 4
bel=

Aol deAgkE

uletgte] BYATgE]

BS8110 4] okZ=e] UdH <=7 19.4%0] =
k24 HlwE 93 S AYE YERIT T Ev
Telg o]83 e HuAE T 7P <3 S AnE
YeRd BS8110 213} fAleE S Rt exe] Hie
18.9%=A dSgke] Agwol lo] BSBL104HTE A%
S22 Yehiar, A8zt =24 =9 5 A9Ae 4
S5 e 2R FF 0AE Zhe T AT HERE
o el 53 2 ARE BYS RISKITH A= FAo
AFS-E RC vigR AEA|Ee E32E Pxv 24-74
MPa, HH]= 0.003~0.0219] ¥H<jo]Th.

e Eda RS o] 83 WS EIFEIE vige]
SHIEIE QRS WHE A oher] 91sk 2dlo]
B Alofo] wEARE A=Al W sl o2 ¥

1

o

- 195 -



FEo] niggke] HHAG T X o
Ao} x| P Wghsie] 1

7} =90E g 5 o FeEE 2 vidTke] A
Bx dSo= gupo = o]§d 4 S AoE wehETh
SHA, o] =RollME HFY GSAFTS FRE] HI8i
3] AR 3] 7008k Fsi o, B delEel W

oz
)
IS
:Oé
2
=
&
~P
il
N
=
kel
-
e
O
o
J \
QL
M
>
i
ox
%

o] G 20055PAE wThskaL thstdTHle] XS
ol el E] Ut Aol ZAEHY

o

-

{8

A, 1A, H497(1998) S2F
gho] m=4 ), distESEts| =2%, U3tES8s] 418
4, All-5%, pp. 605-614.
3]
)

ol
oft
ogg
ttlo
n
rr
:
=
jur]
iy

, ©]-8-$-(2004) Snap-through 24d-&- o|83F RC < B
AAANIE, cistESets =2, =SS, #1244,
A3A%. pp. 551-555.

WIS, AP %E 2 (1984) #if52 > 7 ) — MRIROIR & 2 A BT
T DTN, ERBERIE 45348, V-1, pp. 133-141.
ACI Committe 318 (2005) Building code requirements for rein-

forced concrete and commentary(ACI318M-05). pp. 182-183.
Azad, AK., Baluch, M.H., Abbasi, M.SA., and Kareem, K. (1994)
Punching capacity of deck dabs in girder-dab bridges, ACI
Sructural Journal, Vol. 91, No. 6, pp. 656-662.
Azad, AK., Bauch, M.H., Al-Mandil, M.Y., Sharif, A.M., and
Kareem, K. (1993) Loss of punching capacity of bridge deck
dabs from crack damage, ACI Sructural Journal, Vol. 90, No.

- 196 -

1, pp. 37-41.

British Standards Ingtitution (1997) Structura use of concrete, part i
: code of practice for design and construction, BSI, Milton
Keynes, BS8110.

Comite Euro-Internationadle du Beton (1990) CEB-FIP Model
Code, Bull. N0.196, Lausanne, Switzerland.

Jang, D.H. and Shen, JH. (1986) Strength of concrete dabs in
punching shear, journal of structural engineering, ASCE, Vol.
112, No. 12, pp. 2578-2591

Khanna, O.S., Mufti, A.A., and Bakht, B. (2000) Experimental
investigation of the role of reinforcement in the strength of
concrete deck dabs, Canadian Journal of Civil Engineering,
Vol. 27, pp. 475-480.

Kinnunen, S. (2001) Punching of structural concrete dabs, Interna-
tional Federation for Structural Concrete, pp. 215-249.

kuang, j.s. and morley, ct. (1992) punching shear behavior of
restrained reinforced concrete dabs, ACl Sructural Journal,
Vol. 89, No. 1, pp. 13-19.

Mufti, A.A. and Newhook, JP. (1998) Punching shear strength of
restrained concrete bridge deck dabs, ACl Sructural Journal,
Vol. 95, No. 4, pp. 375-381.

Nielsen, M.P. (1999) Limit analysis and concrete plagticity. 2nd.
CRC Press, pp. 649-710.

Perdikaris, PC., Beim, SR., and Bousias, S.N. (1989) Slab continu-
ity effect on ultimate and fatigue strength of reinforced con-
crete bridge deck models, ACI Sructural Journal, Vol. 86, No.
4, pp. 483-491.

Petrou, M.F. and Perdikaris, PC. (1996) Punching shear failure in
concrete decks as snap-through instability, Journal of Sruc-
tural Engineering, ASCE Vol. 122, No. 9, pp. 998-1005.

Youn, S.-G and Chang, S.-P. (1998) Behavior of composite bridge
decks subjected to static and fatigue loading, ACI Sructural
Journal, Vol. 95, No. 3, pp. 249-258.

(3474 2007.6.5/4141: 2007.10.30/4IA19HE 2 : 2008.2.13)

R AE



