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##4770376221 :MAJOR CIVIL ENGINEERING
KEY WORD: TIED COLUMN, REINFORCED CONCRETE COLUMN, HIGH STRENGTH
STEEL, CONCENTRIC LOADING, TIES SPACING

PATTANATEP KRUECHAEM: APPROPRIATE TIES FOR CONCRETE COLUMNS
REINFORCED WITH HIGH STRENGTH DEFORMED STEEL BAR. THESIS ADVISOR :
ASST. PROF. WATANACHAI SMITTAKORN Ph.D., 89 pp.

This research aims to study the effects of ties 6n the axial load resisting behavior of
reinforced concrete columns reinforced longitudinally with normal deformed bars and high
strength deformed bars urder concentric loading. Ties are normal deformed bars with spacings of

0.10,0.175 and 0.25 m.

Results from the experiments have shown that the maximum load capacity of columns with
longitudinal reinforcement as normal deformed bars are about the same as those reinforced with
high strength deformed bars. The strains in the longitudinal steels when the columns reached the
maximum capacity are lower than 0.002. Therefore, the stresses in the high strength deformed bars
did not reach their yield points. As the result, the maximum capacity of the columns are less than
the values computed from the formula given by E.I.T. standards. However, the influence of tie
spacing exhibited after the columns reached their maximum capacity, and the spalling occurred .
The closer the tie spacing increases the confinement, and prevents the sudden failure. Moreover, it

is found that appropriate tic spacing, yielding enough ductility and confinement to the column, is

approximately equal to the distance between the longitudinal bars.

Moreover, the result of mixing steel fiber into the concrete found that the strain of
longitudinal bars at maximum load minimally increases, but it is not sufficient for developing

yield strength of the longitudinal bar.
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nAex | A | $1mau | Steel ; . .

, . £ iman £, MdveamneunIn*
nqu | 1 | ge | Wan | Fiber S
“ (ksc) 1Jaon (ksc) (kg)

(¥3.) | (¥y.) au (%)
1| 25x5 | 100 | 4DB20 | 15 | 5000 | DBIO@175 | 300 | 3 218847
2 | 25x25 | 100 | 4DB20 | 00 | 5000 | DBIO@I7.5 | 300 | 3 218847
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Fy ﬂ ! *f Gross Area Core Area **PO(Design) Max. Load FFEP orer strain at
No- (ksc) (ksc) (ksc) (“lm.z) (Clm.z) (Ton) (Ton) (Ton) Max. Load
1 337.36 627.50 289.00 235.70 21247 150.17 0.001500
2 | 4000 5002 343.06 633.78 289.00 238.94 224.93 151.51 0.001205
3 368.11 632.52 289.00 244.43 250.10 157.40 0.001675
4 339.64 628.75 289.00 - - - -
5 | 4000 5002 345.33 628.75 289.00 237.94 207.38 150.33 0.001200
6 370.39 631.51 289.00 244.64 233.70 156.02 0.001305
7 339.64 628.76 289.00 236.62 250.04 147.62 0.001930
8 | 4000 5002 346.47 634.62 289.00 239.99 254.82 149.43 0.001825
9 370.39 628.25 289.00 243.62 248.80 155.05 0.001365
10 338.50 629.59 289.00 249.16 212.86 163.69 0.002150
11 | 3000 6075 345.33 622.06 289.00 248.46 229.66 165.30 0.001520
12 368.11 624.47 289.00 254.46 223.55 170.65 0.001820
13 339.64 630.43 289.00 249.68 239.66 162.04 0.001465
14 | 3000 6075 345.33 627.92 289.00 25025 24275 163.38 0.001515
15 370.39 634.53 289.00 258.15 231.90 169.27 0.001230
16 339.64 628.76 289.00 249.18 224.00 161.07 0.001475
17 | 5000 6075 368.11 621.96 289.00 253.68 237.30 167.76 0.001545
18 370.39 632.94 289.00 257.65 277.85 168.30 0.001790

« muaa ldninaumsnnuduaingl 3.93 fie y-0.50658x +339.12

 fuaa 180N P = 0.85 £7(A, - A) +F, A, ; 1aeil F, = specified yield strength (f189A31n321))

w0 1100 1@ P

core*

=K0.85 (A

core

f, = actual yield strength (MAINTINDTI)

~A)+E A Tas K Mutaanaumsi 1.17 uay

A = = o v [ @ U @ o 14 9 A
IJJ’E')HJ‘JEJ°1JWIEI‘LIﬂ'm\1fniﬁULliQ@ﬂq@q@iE'ﬁW'J'Nﬂ?‘iﬂﬂﬁ@ﬂﬂﬂﬂ15ﬂ1u’)ﬂ!‘ﬂgqﬂNﬁﬂﬁzﬂ“ﬂ 391
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Compare SD40 & SD50

251.22

[ @- - ---- - csaeET o sssssmmsnmnn ® 246.38

SD40

SD50

—&— SD40

e -

- SD40(Design)

SD50

SD50(Designl)

12.5

15 17.5 20 225 25
Spacing(cm)
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NAFOUNINOMIMAIBAGIZAVRINBUNTA LAzliNMINATOVAIDEN 2 AIPENNA1INAIE1DUY

v o U o A 4 ' o v
ﬁf]ﬂTi“VlﬂﬁfJ‘lJ‘I’Hﬂ’NlIﬁiJWUﬁ’i%W’JN Stress N1 strain L’Wllélsj'u%1ﬂﬂﬁ“l/lﬂﬁf)“ﬂLﬁﬂ\illﬂﬁ1ﬂ1a\1q\1q® Tag

Tumsnageuiinminaaou laiies 11 §1061311999103 1 dree1a liannsanaaen'ld lumsnaaey

mmimmmwa”lﬁ'ﬁqminﬁ 34

M1 3.4 naradoyanisnadeugnii

219U uh mqmun‘%‘m(i’u) Diameter(54.) Area(“lfll.z) Max.Load(kg) Stress(ksc)
1 29/11/2549 31 15.06 178.19 56000 314.27
2 29/11/2549 31 14.99 176.56 54000 305.85
3 29/11/2549 31 14.99 176.53 50000 283.24
4 8/12/2549 39 15.00 176.71 62000 387.03
5 8/12/2549 39 15.00 176.71 60500 377.92
6 8/12/2549 39 15.00 176.71 65000 405.24
7 14/12/2549 45 15.00 176.71 58000 362.74
8 14/12/2549 45 15.00 176.71 55000 344.52
9 14/12/2549 45 15.00 176.71 58000 362.74
10 3/1/2550 68 15.00 176.71 60000 374.88
11 3/1/2550 68 15.00 176.71 58000 362.74
4 v o 1 @ {
Vlﬂﬁﬂ‘]JQﬂ‘lJ,ULﬁﬂﬁWﬂ’JWZJﬁZJWH‘ﬁigTT’JN Stress LAY strain Llﬁﬂ\‘]ﬂﬁzﬂﬁ 3.92
Stress&Strain aav Cylinder
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§, —e—No.8
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d
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7
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Y v o 1
317 3.92 HEAINNUANTUTIZH I Stress LA strain VOGN UNINBIAY 8-9
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51 3.93 nanan WAL 521319 Strength 11AZDIGVDIGNYY
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1AMINATOUIHANFUTDS08TITNAIVLIA 20 W, (SD40 DB 20) ldnadagilii 3.94 uag 3.95
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4 v o 1 <} ] a a
gﬂﬁ 3.95 HAANANUTUNUT TSI Stress LAY strain ﬂlﬂﬁlﬁaﬂ!ﬁu"ﬁ}ﬂﬂyﬂﬂ‘ﬁii?JﬂﬂM"lf’J\‘IE]aTc’fﬁﬂ

3 9y 9 v = v o P~
m’amﬁaumaﬂmuﬁuaaaﬂmamqwum 20 Wu. (SDSO DB 20) llﬂwam;s‘ﬂw 3.96 Llag 3.97
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a v o J . < Yy 9 9 =
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SD50
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)
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o

Stress(ksc,

* SD50
——Linear (SD50)

Y v o ' < ' a a
510 3.97 uaAInUAWILFT21313 Stress 1A strain VoUHANUTDIDOLS WRIga TuT DA IAAN

Tumsnagoumantodooiuldld siain gauge JAAN strain Fuiulunansnameuiaismsod
WUAAIANUFUIUT5ZM 14 stress 1A strain WAWRATIHANTIR 1A

HamINAToUMaNdUTd0s535uA1 1AM Yield Strength = 5002 ksc Yield strain = 0.00279 A1
Modulus of Elasticity =1.794 x 10° ksc 142 A1 Tensile Strength = 6110 ksc

Tuguveswamnageumandutodoonsanagaldan Yield Strength = 6075 ksc Yield strain =

0.00347 A1 Modulus of Elasticity =1.758 x 10° ksc 48 A1 Tensile Strength = 7849 ksc

+4 [ = a < Yy v v =2
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[~ U [ d’l
vty 2 ngudail
~ a < a ] <
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2. l¥neuninsssuan szezviavaniaon 17.5 wu. (MU181@Y 4-6)
§ :;I ] o 4 1 I 1 @ 1 % H
Taswanuaauivszuaauduni a1y duRuss1 119 Load fU strain UOIUABZAI0O1 T4 strain N
o 1Ay Y = i Y AN Yo a o ' Y A o
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Load(Ton)
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51N 3.99 uaaan1sIIAveUAIRI0E197 1

Y

o [} = a a vAa v A =2 =~
AIVYIUTINDUNTANUY 1-3 Lﬂﬂﬂ?i?ﬂ@]ﬂ\i?‘ﬂﬂ 3.99 O3 zﬂ‘ﬂ 3.104

< a 1 <
Igmsweauduloman 1.5% TasdSuas szezviamanilasn 17.5 .

317 3.100 uaaIMsITAVEUTIAIDE1IN 1
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‘ljﬁ 3.106 LLﬁﬂQﬂﬁ’J‘Uﬁ‘UfNLﬁWI’JE]EJNVI 4

ﬂﬁ 3.105 LLﬁ'ﬂ\iﬂ’JﬁJ’c’fNWHﬁi %7219 Load L@ strain "U@Q@Tﬁ@é1ﬁ&ﬁ1ﬂﬂuﬂ§ﬁﬁu1ﬂm"u 1-3
= ] <
Gl“lgf}ﬂﬂuﬂiﬁ‘ﬁiiilﬂ”l srezvvanlaon 17.5 au.

a o

o 1 = a a w A = A
AIVYNUTIADUNTANNIYLAY 4-6 LNANITIV \1?‘1]‘1’] 3.106 933 1J‘V] 3.111

I.f‘* |
ﬂﬁ 3.107 llﬁﬂ\jﬂ’]ijnﬁm@\uﬁ']ﬂj@ﬂ']\jﬂ 4
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c&y Y v A
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f, Fiber Area *f, **P (Design) | Max. Load | ***Difference | strain at
Group | No.
(ksc) | (by volume) (ksc) (ksc) (Ton) (Ton) (%) Max. Load

1 633.82 | 377.44 262.12 230.00 13.96 0.001615

1 2 | 5000 1.5% 626.28 | 377.44 259.70 227.00 14.40 0.002015

3 628.79 | 377.44 260.50 231.00 12.77 0.002090

4 625.02 | 275.53 206.24 140.00 4731 0.001020

2 5 | 5000 0% 627.12 | 275.53 206.73 178.00 16.14 0.001695

6 627.12 | 275.53 206.73 191.00 8.24 0.001865

* AUINUDIN Stress Average NA51N 3.6

A lAnn P, = 0.85 £2(A, A ) + £ A

#++ 811991 1410 Difference = [(P,-Max.Load)/Max.Load]x100

® Hamsnaaeugnilu

a ua}l @ 1 Y 1 |
ﬁﬂ‘].]u?J‘VN“HiJﬂ 6 AIDYN ulﬂllﬂ'lillﬂ\?ﬂ'ﬁﬂﬂﬁﬂﬂﬂﬁ]ﬂlﬂu 2 YaNINagoU Tﬂﬂiuﬂ'ﬁ‘ﬂﬂﬁ@ﬂ

LU}

RUN01IMNSIBAFIgAUDIAUNTA LEZMINATOVAIDE1 2 1081 (AIE191 2 1D 4) AN

@ 1 4 v v J 1 o A 3 1
@l’)f)fJNﬁ‘L!G] ﬁ’ﬂﬂTi‘VlﬂﬁE]ﬂﬁ?ﬂ’l?ﬂﬁij‘wu‘ﬁﬁyﬂ’ﬂ\i Stress N1 strain LWMﬁu’mﬂﬂTﬁﬂﬂ’d’ﬂﬂlﬁﬂﬂllﬂﬁ1

fdegega Tumsnaaevausondaina ldasn1san 3.6

5190 3.6 uaraadayanisnadeugniu

Group | NO. | Concrete Type Area(cm.”) Max.Load(kg) | Strength(ksc) stress strain Max.
Avg.(ksc)

1 Steel Fiber 176.63 64000 362.34 -

1 2 1.5% 176.63 63000 384.99 377.44 0.0034
3 By Volume 176.63 63000 384.99 -
4 176.63 48000 271.75 0.0025

2 5 Normal 176.63 49000 277.42 275.53 -
6 176.63 49000 277.42 -

eD)

{ v o J ' @ {
AYUNTMIMNINATOUANUAURUTTEN I Stress 11AZ strain LEAAIAIFUN 3.112
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BURAPA STEEL INDUSTRIES CO.,LTD.

1858/11-12 Nation Tower Sth Floor, Bangna-Trad Road, Bangna, Bangkok 10260 Thailand

Tel. (662) 7514001-5 Fax. (662) 7514006

STRESS & STRAIN CURVE

STFESS (MAa )

0 0.1 0.2 03 04 05 06 0.7 OB 0898 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
STRAIN %
CUSTOMER MAMNIIAINGTNLEE

ANEAAINTTHATAAT HIRINTAINMIINENAE

COMMODITY DEFORMED BARS 20 GRADE SD40

DATE Apr 04, 2008

NOMINAL BAR DIAMETER 20 mm.
NOMINAL CROSS SECTION AREA 314 mm.
ACTUAL WEIGHT PER UNIT LENGTH 2.375 Kg/m.
PROOF LOAD AT 0.2 % OFFSET 148 kN
YIELD STRENGTH 470 N/mm.’
ULTIMATE LOAD 188 kN
TENSILE STRENGTH ‘ 600 N/ ram
ELONGATION (5D) 25.7 %
MODULUS OF ELASTICITY 196296 N/ mm.”

Approved By U P’l—ﬂ"'\n o*).(

(PRAMOTE UTHALI)

Inspection Section Manager
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BURAPA STEEL INDUSTRIES CG..LTD.

1858/11-12 Nation Tower 5th Floor, Bangna-Trad Road, Bangna, Bangkok 10260 Thailand

Tel. (662) 7514001-5 Fax. (662) 7514008

STRESS & STRAIN CURVE

i N
600 _41/ I I
: 7 ; ! 5
; wo | At do g .
B3NS
o U .
0O 01020304 0506070809 1 1.1 12 13 14 1516 1.7 1.8 1.9 2
—
CUSTOMER mAIAINgsale s
ANSAAINTTHAEAT IHIRINTAINMINENAE
COMMODITY DEFORMED BARS 20 GRADE SD50
DATE Apr 04, 2008
NOMINAL BAR DIAMETER 20 mm
NOMINAL CROSS SECTION AREA 314 mm.
ACTUAL WEIGHT PER UNIT LENGTH 2.426 . Kg/m.
PROOF LOAD AT 0.2 % OFFSET 170 kN
YIELD STRENGTH 540 N/ mm.”
ULTIMATE LOAD 208 kN
TENSILE STRENGTH 661 N/ mm.”
ELONGATION (5D) 21.1 %
MODULUS OF ELASTICITY 192,857 N/ mm.”

Approved By

U- CPMM@’I’»

(PRAMOTE UTHAI)

Inspection Section Manager
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