Vol.31 No.2 2009

WX SHEUK AR Z A= RC 288 D NFHEEICBE T 2 EHMTR

FH  f@&—BE" - Sanjay PAREEK ™

BE  AWIJETIE, BB S e SBOK AR 2 TR ST A d KON O A RIS K0 MSTIE N 42 2 TRRL
Licfha s 7 ) — FMEREHM OMTRBREZ1T, ROMWE—7T-bh, WEHEER L OCOOERIRD, @i
MM IR DL « HE 2 B E LTWD, 72ds, AREBRITHW 7SRO AT 3t Lifg 2> 5 R4 L 7=
BThH Y, HLIECER TS, NFRRIIEREETH D, fMRE LT, MERLmPMFOAEC X
SOBNEUTDS, RN A O U 2B L I 2 &, 2RBR & b R E, WIMEds KO
KRIFE L BICEVEIEZ R L, RCEOMITMHIRAZ S LIFLZRMNGHETE D 2 L 2R LT,
F—T—F #EH= sV — MR, BROKATIRE, I, oob RN, AR

1. [FL&IZ

AR, $kfar7 U— b (RC) HEEWICRBI 28 E
RAWBIRTE (LU, RT3k, BWROERTH
DAKOBEMBIC LV RENFHNT, AROEEEEILL
FARERENFETHZE D, BElOMHATHEVWETS
EV o T HARBRRICER R L LT T 7 O Bmr e
BENETONTWD, BEoZ &b, fERTEEE
WD, B RARORENRRO LN TS EEZBND,
AHFZETIE, IR EE L, fE LA
WS ThY, a7V — MNIREBELIEE —FKL2D
Z &) D RC HEEM ORI ENHIFCE D, WmEL D
ORI AAEIM: (LLF, KABIFY) (2358 Lz, ABFE
T T 5 KABIMGY, i LOZRENHIRELZH O
ThY, HMNERE48kgm® LEETH D70, HF~D
- REDIEOMEENAR S THH Z &, BLUWE X 0.4mm
LN TH A, BMAERTHRELZTHZET, &
WEM AT ALV EEAL— AN SN & o
FRIEEZA LTS, S5, FTRE LA S DI
DAL ARE L Vo= i D, THOKRIEREHE A
TEDHEV SRR LES NS, £, EN-HssE
BREALTVWDID, HlTHDLIZ ELBEINDE
BEOPEITIEMLS, KEEEYORBTHEICERS
nNTWs, 20k, HTEIBWTEN-WREL A
THLOTHDZ EBRFEFTOLNEH, AR THATS
AT H B SRR ET 2B ETH D h, &
52, RC HEWOMIEEICED L 5> R BE 525
DVEORRENIRFIEL, HRThH D, £, SOKA
RUPIZ B4 B BFSER SIS L OSRE B 1 & A En 2
Vo LLEDOE LY, KATIFEE T RC ISR % 1R
L, BFTHAIRBRZITV, B R D & kAR J1%
BYERIE DR L OVESR THEIC K D RC & Ol -

MEfToT Y,

2. ERAE
21 EAMH
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Table 1 Properties of permanent steel form

Wel.ght Per Thickness  Yield Strength Young's
Unit Area Modulus
(kg/m?) (mm) (N/mm?) E (N/mm?)
4.8 0.4 195 2.06x10°

Table 2 Mechanical properties of steel bars

Yield Yield Young's
Strength Strain Modulus Hardening Strength

Strain Tensile

Type of Steel

N/mm?) (%) (N/mm) (%)  (N/mm’)
Main 95 D10 3625 020 186x10° 302 4795
Reinforcement
Stirrup SR295 4¢ — - — — 564.8
Table 3 Properties of concrete
T ; Compressive  Longitudinal ~ Young's Shear Split Tensile
ypeo Strength Strain Modulus ~ Modulus Strength
Concrete ) ) ) S
(N/mm°) (%) (N/mm”)  (N/mm°) (N/mm”)
Normal 283 0.18 257%10°  1.04x10° 276
Concrete

1 AARFPRS R TAMRERAEETEHE (E2R)
*2AARKRT THEMERETERERR TH (ERB)
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Fig.1 HAEIZRBREY, BB L 0T — 0k
&%, Fig2 \ZKARBETIEC X 2B IR %2 R
L, Table 4 |[ZRBRIK—E L & b2, EHRIZBITHE
[ KA 2 S RER & Re LT-BR o 5 RE & R 3,
K, BIRERRS & R L7 Sk B FHAh P L 0 I
DKATROWE AL D EH Uiz, 2Rk o 2RI,
427C 2000mm C, {ERTIECIER U 7= 30088 R 13 55 T2 18
bxD=120x200mm, 7K AMH: T35 TUERL L 72 3RBR IR 3R
PIEHE bxD=120x200mm & L7z, fefhé LT, LT+
filx 2-DI10 (BI9REEME p=0.68%), B AWML
INE AR B py=020% Z W= & 9 4o-@100

(pe=0.21%) & L7z, F7=, KARF:E RO =RABRAED
TR (Tuaih +Em O K AR SIZIZRZE O8RSk
e LBk & DT 9 72, TERTIET M

Strain gauge of main reinforcemen

Strain gauge of concrete

44 — @100 P/21 P2 Displacement meter
B S el
AN I EREL W
h e - St (Tas [11] . (13]
! 2-DIo X Strain gauge of mold
) 1109 700 12001200 350 | 350 [oq
(Unit:mm) ‘ 2,000 ‘

Fig.1 Detail of RC beam for flexural strength test

#i % 3-D10(p=1.02%) & L TEEHS L7 BRIK (ko
N-2-3) % 1 {R/ERLL 7=,

AREBRORBRAEILE 10K TH 0, KABIME AL T
T2 ITIAREAT Y, 28 HEEZIT- T, KRBRIAOTELE
BLEOAHE LT, AKABRIFEA RS M Yo Wik

(Photol M%) ZIGHL, ML R rm e Liz b
D% Axial (LLF, A), REiE ¥ AmE LizbDx
Transverse (LAF, T) & LU, 2R X OEEHORMS
MO % RAHAERIC LY, RBEREER L, £z, B
ez BT, BIF DK OB EIC L ARBEE1T 5 7290,
MFmLOH O Single (LT, S), MFPEAYOLOIX
Double (LL'F, D) LEFELIZ, 728, MTOREL Ak
T 5700, TPERPRICEEL, T FRTIEMTERE
S 25mm, A HATCIEHMFRES 100mm & L, £72, &
T, T HMT3 P, AGATG6EFToE A DI
FDEEE L, BBRIEAFROF & LT, “A-AS” 13,
IE S Zah T (A), EEmEASEEh T CHETM L (AS)
LLT, BN E 2D, ok, ERTIETHE
MU-RBAEICBNT, ETEHS 2-DI0 OREEEE
N-2-2, k¥Eff 2-D10, F#&fh 3-D10 OBk % N-2-3
LR,

2.3 HEBAE
Fig.1 HAICRBRIEOEN T I NEE %273, 7eds,

A-AS , A-AD
[ ZETEN AT L T 5. TS, ARNICRT
2 . e —— IORT AR TRERBCREL, TRebES
]| —————— % 200mm DT 2 AEPHRRAT Lz, 2, @
- Bottom face ‘
100 700 | 200 | 200 | 700 |100|
‘ 200 ‘ (Unit:mm)
A-TS ,A-TD
C;SMIS Side face Strain gauge of Mold
e
Bottom face
{1001 700 | 20(;'0100200 | 700 1100
T-AS , T-AD Photo 1 View of corrugated permanent steel form
§LM 2[ Table 4 Ratio of tensile reinforcement using permanent
“is1z20) 15 Side face Strain gauge of Mold steel forms
(Unit : mm) ?E% - o o % Cross-sectional Area Ratio of Tensile
Bottom face Type of Tensile Permanent Reinforcement
J‘]OOJ 70 | 20(;)0100200 ! 70 Jlml‘ Specimen Reinforcement Steel Form Tou
a, (mm’) (mm?) (mm?) pe (%)
T-TS,, T-TD N-2-2 143 0 143[1.00]  0.68 [1.00]
- . N-2-3 214 0 215[1.50] 1.02 [1.50]
] D z[ A-AS 143 116 259[1.81] 1.02 [1.49]
g s = S W 112 153
conco 3. [TTTTITTINEMENIAIIOOTOON s 60 203(142] 082(121)
Bottom face A-AD 143 116 259[1.81]  1.02[1.49]
froe. o 1200 — ) ATD 143 60 503 [1.42] 083 [1.21]
T-AD 143 96 239[1.67] 0.97 [1.43]
Fig.2 Arrangement patterns of permanent steel D 143 60 5031437685 121]
forms for RC beams Note, [ ]:RatiotoN-2-2
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143~1.59 xR L7z, £, AWEICBNTS, S
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Table 5 Results of beams tested for flexural strength

using permanent steel forms

Type of  Initial Crack Load Yield Load Maximum Load
Specimen Pc(kN) Py(kN) P-max (kN)
N-2-2 9.00 [1.00] 26.14 [1.00] 32.12 [1.00]
N-2-3 9.10 [1.01] 38.80 [148] 43.19 [1.34]
A-AS 15.10 [1.68] 51.59 [1.97] 60.79 [1.89]
A-TS 14.65 [1.63] 4451 [1.70] 55.61 [1.73]
T-AS 15.51 [1.72] 45.04 [1.72] 51.55 T[1.60]
T-TS 14.31 [1.59] 3428 [131] 42.93 [1.34]
A-AD 1527 [1.70] 37.94 [145] 41.98 [1.31]
A-TD 13.41 [1.49] 4144 [1.59] 51.92 [1.62]
T-AD 15.84 [1.76] 37.40 [143] 43.99 [1.37]
T-TD 12.74 [1.42] 33.86 [1.30] 44.55 [1.39]
Note, [ ]:RatiotoN-2-2
70
Side face: [T
=60 T-AS Bottom face: =5
Zso | T-AD
iy ~ N-2-3
<40
g A
=30 "3
= N-2-2
0 /N
5 Yield Point
=10 {
0 10 20 30 40 50
Deflection, & (mm)
70
Side face: [T
260 Bottom face: [[[[]
250
o-‘n
=40
3
3
—130
E
520
2
=10
0 10 20 30 40 50

Deflection, 6 (mm)

Fig.3 Load(P) — deflection(d) curves of RC beams tested for flexural strength using permanent steel forms
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Table 6 Stiffness of RC beams tested for flexural strength

using permanent steel forms

Type of Stiffness

. Primary Secondary Tertiary
Specimen Kc  (kN/mm) Ky (kN/mm) Ku (kN/mm)
N-2-2 30.97 [1.00] 498 [1.00] 0.17 [1.00]
N-2-3 13.44 [0.43] 6.23 [1.25] 022 [1.35]

A-AS 4315 [1.39] 6.55 [1.32] 0.82 [4.97]
A-TS 34.07 [1.10] 6.86  [1.38] 0.73  [4.38]
T-AS 26.07 [0.84] 6.16 [1.24] 0.54 [3.28]
T-TS 51.11 [1.65] 549 [1.10] 0.29 [1.74]
A-AD 4138 [1.34] 6.13 [1.23] 0.50 [2.99]

A-TD 3232 [1.04] 922 [1.85] 0.68 [4.10]
T-AD 2494 [0.81] 6.45 [1.30] 025 [1.52]
T-TD 1820 [0.59] 6.09 [1.22] 0.33 [1.96]

Note, [ ]:Ratio to N-2-2

Table 7 Energy absorption of RC beams tested for

flexural strength using permanent steel forms

Type of Energy Absorption [kKN-mm]
Specimen 6=25mm 6=50mm
N-2-2 655.4 [1.00] 1433.0 [1.00]
N-2-3 9209 [1.41] 1923.5 [1.34]
A-AS 1253.2 [1.91] 2105.7 [1.47]
A-TS 1204.9 [1.84] 2159.2 [1.51]
T-AS 1048.0 [1.60] 2019.1 [1.41]
T-TS 895.9 [1.37] 1921.2 [1.34]
A-AD 967.6 [1.48] 1907.7 [1.33]
A-TD 1137.1 [1.73] 2103.7 [1.47]
T-AD 961.0 [1.47] 1948.6 [1.36]
T-TD 900.2 [1.37] 1938.6 [1.35]

Note, 8:Mid-span deflection ; [ ]:Ratio to N-2-2
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Type of specimen Pmax(kN)  Type of specimen Pmax(kN)
N-2-2 | Without Lap Joint | 32.12 N-2-3 With Lap Joint 43.19
AR RN
A-AS 60.79 A-AD 41.98
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BEESSESENE /D EEENGEE DR [ E

[}

1778 1]

HEEENEN R [T

HEERREEIINITN IEEEEEN

- Crushing of concrete

|:| Exfoliation of permanent steel form

[ ] Permanent steel form intact

Fig.4 Cracking and exfoliating pattern of RC beams using permanent steel forms after flexural strength test
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