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1SD 550W ( D10 D57)
1.
2.

( D10 D16)SD 685 ( D10 D16)
( D19 D57)

SD 785 ( D10 D16)
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Grade,
Size

Yield 
Strength
(N/mm2)

Tensile 
Strength
(N/mm2)

Elongation
(%) TS/YS

(N/mm ) (N/mm )
Criteria 685~785 860 10 1.25 0.014

SD685,D25 703 907 16 1.29 0.022

SD685,D25
(Retest) 713 932 15 1.31 0.0216

1050

750

900

1050

300
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E=223,369 N/mm2

E=196,481 N/mm2

SD685 D25SD685 D25
T il t tT il t t0 0.005 0.01 0.015 0.02

0

150

Tensile testsTensile tests0 0.005 0.01 0.015 0.02
Strain

E

785 930 0.08
1 858 1040 0.13 191,165

D10 2 858 1044 0.14 190,408
3 878 1045 0.14 195,685

AVG 865 0.14 192,419,

D13

1 882 1097 0.13 200,585
2 895 1120 0.13 200,473
3 880 1068 0 11 199 0823 880 1068 0.11 199,082

AVG 886 0.12 200,047
1 827 1013 0.12 199,119

D16 2 841 1025 0.13 196,545
3 840 1021 0.13 198,555

AVG 836 0.13 198,073

1
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E

785 930 0.05
4(P) 875 1052 0.13 200,720

D10 5(P) 871 1056 0.14 178,144
6(P) 859 1043 0.14 191,569
AVG 868 0.14 190,144AVG 868 0.14 190,144

D13

4(P) 872 1127 0.09 195,037
5(P) 872 1095 0.11 179,382
6(P) 859 1091 0 13 196 3226(P) 859 1091 0.13 196,322
AVG 868 0.11 190,247
4(P) 805 1020 0.12 160,148

D16 5(P) 830 1029 0.15 190,864
6(P) 820 1017 0.12 187,761
AVG 818 0.13 179,591

1
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SD785(D13)

SD785(D16)
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TCI ACITCI ACI
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2.2 

SA
B

P 0 95 P

30

P 0.95 yP

0 02P

30cs < 0.3 mm

0.02 yP

21
Tensile test Elastic repeated loading Elastic cyclic loading Plastic cyclic loading

2.5 

P 0.95 yP

30

0.02 yP

30cs < 0.3 mm
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Grade Couplers and Sleeves Nov Dec Jan Feb Mar Apr
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Frame Mechanisms
“strong column weak beam”strong column – weak beam

(a) Story Mechanism (b) Intermediate Mechanism (c) Beam Mechanism( ) y ( ) ( )

• Avoid story mechanism
• Avoid joint failure• Avoid joint failure
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Beam yielding Beam yieldingBeam yieldingBeam yielding Beam yieldingBeam yielding
Vcol

JointJoint

Vcol

Mpr2
C2 = Ts2

Ts1 =
As1 fy

Mpr1
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pr2

Vb1 Vb2

pr1

Ts2 =
A 2 f

C1 = Ts2

V

As2 fy
Vcol

prpr MM 21 lVfAAVVcol
c

prpr
colV 21 colyssj VfAAV 21

Over-strength factor for bar fy
6.1 

SD490 SD550 SD685

60, 80, 100 ksi 1% 5%
24 ksi (165 MPa) 5% strain 
30 ksi (210 Mpa) 
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•
3/4

• 3/4 *

••

Effective joint width b

Effective joint 
area, Aj=bj*h

Effective joint width, bj

Reinforcement
generating shear

The transverse beam width 
is at least 0.75h to be 

id d fi dconsidered confined 
b

Effective Joint Area jjj hbA

Joint effective area Joint effective area

x x2

b

x2

x

hj=hcol b

x2

x1

hj=ldt

x1
bj

(a) h =h (b) hj=ld

x1
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(a) , hj=hcol
(b) , hj ldt
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Joint Shear Strength Ductility Trends
'

cf• Experimental joint shear force, normalized to effective joint area and          in MPa
• There is no J failures below the -value of 15 for interior joints, but quite a few 

below the -value of 12 for exterior joints. (To be evaluated later)below the value of 12 for exterior joints. (To be evaluated later)

15 =12=15 =12

Ductility Ductility

bb

hc

bc Aj

Change of Effective Joint Depth

• Obviously improved, but… 

=15 =12

D tilit DuctilityDuctility Ductility
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Seismic Testing for Interior 
Beam Column JointsBeam-Column Joints
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Seismic Testing for Exterior 
Beam Column JointsBeam-Column Joints
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Discussion of Discussion of valuevalue

Envelope Curve =17.38

=13.39

=9 45=9.45

19

Discussion of Discussion of valuevalue

Envelope Curve
=13.39

=13.3913.39
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Concluding remarks
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Confinement Requirements
• Confinement reinforcement in 

the direction of loading may be 
• Ash is adequate for 

exterior joints without 
reduced by 50% for the joints 
confined two opposite faces.

transverse beams.

=12=15
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Bar fy SD420 SD420 SD550 SD550 SD685 SD685

0.10 0.25 0.10 0.25 0.10 0.25

4000 28 24 21 32 28 40 35
5000 34 22 19 28 25 35 31
6000 41 20 17 26 23 32 28
7000 48 18 16 24 21 30 26
8000 55 17 15 22 20 28 25
9000 62 16 14 21 19 26 239000 62 16 14 21 19 26 23

10000 69 15 13 20 18 25 22
11000 76 15 13 19 17 24 21
12000 83 14 12 18 16 23 2012000 83 14 12 18 16 23 20
13000 90 13 12 18 15 22 19
14000 97 13 11 17 15 21 19
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bb dfdf
MPa)in( 0.192or    psi)in(0.016 c

c

by
c

c

by
dt f

f
df

f
f
df

• fy < 420 MPa 700 MPa
• Minimum bar spacing 3db

• f’c < 42MPa

700 MPa
2db
70 MPa• f c < 42MPa 70  MPa

(ACI 318-14)
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Masuo, K., Adachi, M., and Imanishi, T. (2
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31Strain Profiles of Beam Bars

Further studyy
• To develop a deformation based model of the
d d i f h j i h hdegradation of the joint shear strength.

• In 2014 2015, we plan to test 8 beam column slab
connections made with HS reinforcement and concrete.

2012 2013 2014 20152012 2013 2014 2015

4 4

5

4

4
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Ongoing Test Ongoing Test 
for Specimenfor Specimenfor Specimenfor Specimen
A24SA24S

Thanks for 
iyour attentions
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第六章 梁柱接頭相關規定 (草案 v1 ) 
 
6.1 剪力強度 
 
6.1.1 接頭剪力需求 

大地震時負責抵抗側向力之韌性抗彎構架，耐震設計規範預期梁柱接頭面產

生梁塑鉸且有較大之塑性轉角，受拉鋼筋之應變將遠超過降伏應變，因此接頭面

上梁撓曲拉力鋼筋之應力，應假設為ߙ ௬݂計算接頭剪力。撓曲拉力鋼筋之超額強

度係數ߙ依鋼筋強度等級按表 6.1 選取，超額強度係數視鋼筋可能降伏強度及應

力應變曲線決定。 
 

表 6.1 鋼筋超額強度係數 
鋼筋強度等級 SD490 以下 SD550 SD685 
超額強度係數 ߙ	ߙ 1.25 = ߙ 1.20 = = 1.15 

 
 

 
以梁降伏塑鉸機制決定構架及接頭之剪力需求 

 

                    

 
圖 6.1 韌性抗彎構架之接頭剪力需求 ௝ܸ [Moehle et al. (2008)] 
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6.1.2 接頭剪力設計強度 
韌性抗彎構架之接頭剪力 ௝ܸ (圖 6.1)不得大於接頭剪力設計強度ϕ ௡ܸ，其中強

度折減係數ϕ ൌ0.85，接頭剪力計算強度按表 6.2 之規定。 
 

表 6.2 接頭剪力計算強度 ௡ܸ 
接頭配置 ௡ܸ for ௖݂

ᇱ in MPa ௡ܸ for ௖݂
ᇱ in ݂݇݃ ܿ݉ଶ⁄  

接頭四面皆受梁圍束 1.67ඥ ௖݂
ᇱܣ௝ 5.3ඥ ௖݂

ᇱܣ௝ 
接頭三面或一雙對面

受梁圍束 
1.25ඥ ௖݂

ᇱܣ௝ 3.9ඥ ௖݂
ᇱܣ௝ 

其他 1.00ඥ ௖݂
ᇱܣ௝ 3.2ඥ ௖݂

ᇱܣ௝ 

 

      

(a)四面皆受梁圍束    (b)三面或一雙對面受梁圍束          (c)其他 
圖 6.2 各種接頭配置之剪力計算強度 

 
表 6.2 中，若產生剪力方向之梁構材構入接頭面，該梁寬度不小於 3/4 接頭

有效寬度者，則該接頭面視為受圍束作用。若橫方向構入接頭側面之梁寬度不小

於 3/4 柱寬[*後續研究中，待調整]，則該接頭面視為受圍束作用。若梁貫穿接頭並延伸超過

接頭面不少於一倍梁深時，亦可視該梁之延伸段具有圍束作用。梁之延伸段須符

合 ACI 318-14 規範相關規定…[18.6.2.1(b), 18.6.3.1, 18.6.4.2, 18.6.4.3, and 
18.6.4.4. ] 

各種接頭配置之剪力計算強度如圖 6.2 所示。若柱構材未延伸超過接頭一倍

深度以上，則表 6.2 之剪力計算強度可參考 ACI 352R。 
 

表 6.2 中，ܣ௝為接頭之有效斷面積，為接頭沿剪力方向之有效深度 ௝݄乘以接

頭有效寬度 ௝ܾ。當梁主筋貫穿梁柱接頭時，接頭有效深度 ௝݄為沿剪力方向之柱全

深݄௖௢௟；當梁主筋錨定於接頭內時，接頭有效深度 ௝݄取梁主筋之錨定長度。 
接頭有效寬度一般為柱寬度ܾ௖௢௟，但若柱寬大於梁寬度ܾ௕௘௔௠，或柱梁中心線未相

交形成偏心接頭處， ௝ܾ按下列規定計算 
 

௝ܾ ൌ ܾ௕௘௔௠ ൅	ݔଵ ൅	ݔଶ ൑ ܾ௖௢௟ 
 
其中ݔଵ及ݔଶ分別為梁兩邊至柱邊之距離(圖 6.3)，代入上式計算時，ݔଵ或ݔଶ值不得

超過݄௖௢௟ 4⁄ 。[黃世建等人(2014)] 
 

 

35



3/18/2015 
 

 
 

 
        (a)梁主筋貫穿梁柱接頭區          (b)梁主筋錨定於接頭內 

圖 6.3 接頭有效寬度及深度 
 
6.2 接頭箍筋 
 

接頭區距離接頭面在ℓ௢之範圍內，依規範箍筋之垂直間距不得超過：(1) 構
材斷面最小尺度之 1/4、(2) 6 倍主筋直徑、及(3)間距ݏ௢=10+(35-hx)/3 ൑15 cm，

其中繫筋或閉合箍筋相鄰各肢之中心距 hx不得超過 35 cm。這些規定通常使柱及

接頭箍筋間距介於 10 cm 至 15 cm。 
 

在距離接頭面在ℓ௢之範圍內，其矩形閉合箍筋及繫筋之總斷面積ܣ௦௛不得小

於下式之規定值。 
 

柱橫向鋼筋   
ch

g

yt

c
ncsh A

A
f
fksb.A



0P

P20   but not less 
yt

c
c f

fsb


09.0   [Hwang et al.] 

其中… 
 

除非一梁構材貫穿接頭且梁寬最少為柱寬度之 3/4，則在該梁構材方向及構

材深度範圍內可配置較少之繫筋，箍筋垂直間距不超過 15 cm，且其閉合箍筋及

繫筋之總斷面積應至少為上式規定值ܣ௦௛之半。 
 

梁鋼筋在接頭處未通過柱核心，且未受橫向構入梁之圍束，則在梁柱接頭處

應按第 15.5.4 節之規定配置梁之橫向鋼筋以提供柱核心外梁鋼筋之圍束。 
 

若梁構材負彎矩鋼筋以錨定頭鋼筋終止於梁柱接頭內，該柱應延伸高於接頭

表面最少一倍接頭深度(提供圍束作用)，否則該梁構材之負彎矩鋼筋應外加垂直

接頭箍筋提供接頭表面等值之圍束作用。(Knee joint) 
 
補充解說：ITG report 
Saqan and Kreger (1998) 比較一些高強度 RC 造梁柱接頭實驗數據，指出高強度

b

x2

x1

hj=hcol

bj

Joint effective area

b

x2

x1

hj=ldt

bj

Joint effective area

36



3/18/2015 
 

 
 

混凝土接頭區之箍筋量可以減少，儘管在折減之前，軸力承載能力應該先被評

估。 
Noguchi et al. (1998) 評論接頭箍筋量對於增加剪力強度只有輕微效果，遠不如增

加混凝土強度來得有效。他們也發現箍筋在外部接頭比在內部接頭要顯得相對有

效果。 
儘管梁柱接頭實驗顯示，具有少量箍筋之接頭也可以達到符合規範標準試體類似

的剪力強度，但是增加箍筋量對於梁柱接頭之韌性有幫助，有助於接頭區維持一

定的剛度，支持梁塑鉸達到較大的塑性變形。 
 
6.3 接頭鋼筋伸展及錨定 
 
6.3.1 梁主筋貫穿梁柱接頭之最小柱深  

現行規範規定當梁主筋貫穿梁柱接頭時，則平行於梁主筋方向之柱尺寸不得

小於最大梁主筋直徑之 20 倍。即݄௖௢௟ ൒ 20݀௕。 
此規定源自 Zhu and Jirsa (1983)  】檢討 18 支使用 60-ksi (420 MPa)降伏強度鋼

筋的梁柱接頭在反復載重下之表現，歸納最小柱深約 20 至 22 倍梁主筋直徑，對

混凝土抗壓強度 4000 psi 到 5000 psi 應屬適當，在 3%層間位移角前可以避免發

生握裹損壞。但此規定延伸至 500 MPa 以上之鋼筋及高強度混凝土是否恰當則

有待確認。 
較近期的實驗研究顯示前述݄௖௢௟ ൒ 20݀௕要求並不能完全排除握裹損壞及鋼

筋滑移。梁主筋在接頭內之握裹劣化將影響接頭消能能力與變形能力，易因大量

滑移加速混凝土於臨界面壓碎。 
ACI 僅簡略限制柱深不得少於梁主筋直徑的 20 倍，與柱軸力、材料強度無

關，參考日本及紐西蘭規範則均將柱軸力與材料強度納入考慮，經由資料庫調查

建議規定如下 
 

假設梁主筋貫穿接頭區之平均握裹應力限制為kඥ ௖݂
ᇱ以避免顯著滑移及握裹

損壞，則依力平衡得 

α௣kඥ ௖݂
ᇱ ൈ ௕݄௖௢௟݀ߨ ൒

௕݀ߨ
ଶ

4
൫ߙ ௬݂ ൅ ߚ ௬݂൯ 

其中梁主筋在接頭面受拉因塑性變形可能達到ߙ ௬݂，而貫穿接頭在另一面之壓應

力通常低於降伏應力，假設為ߚ ௬݂，設計時ߙ值為 1.15 至 1.25，實驗數據及斷面

分析顯示ߚ值介於 0.50 至 0.75，故建議保守採ሺߙ ൅  。ሻ=2.0ߚ
此外，考慮柱軸力可增加握裹強度之因數Ω௣，日本及紐西蘭規範有差異，建議

參考日本公式(待議)。則我們的設計公式建議為 
 

݄௖௢௟
݀௕

൒
2
4
∙ ௬݂

α௣kඥ ௖݂
ᇱ
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α௣ ൌ 1 ൅ ௉

஺೒௙೎
ᇲ (AIJ)   or 0.95 ൅ 0.5 ௉

஺೒௙೎
ᇲ (NZS) 

1.0 ൑ α௣ ൑ 1.25 

若規定 kඥ ௖݂
ᇱ ൌ 1.5ඥ ௖݂

ᇱ	ܽܲܯ ൌ 18ඥ ௖݂
ᇱ	݅ݏ݌ ൌ 4.77ඥ ௖݂

ᇱ	ೖ೒೑
೎೘మ 

(暫時由資料庫調查決定之門檻值) 
將上述公式轉換為設計用表格 
 
表 6.3 耐震韌性抗彎構架之最小柱深度 

 Bar fy SD420 SD420 SD550 SD550 SD685 SD685 

 
ܲ

௚ܣ ௖݂
ᇱ 0.10 0.25 0.10 0.25 0.10 0.25 

௖݂
ᇱሺ݅ݏ݌ሻ ௖݂

ᇱሺܽܲܯሻ       
4000 28 24 21 32 28 40 35 
5000 34 22 19 28 25 35 31 
6000 41 20 17 26 23 32 28 
7000 48 18 16 24 21 30 26 
8000 55 17 15 22 20 28 25 
9000 62 16 14 21 19 26 23 
10000 69 15 13 20 18 25 22 
11000 76 15 13 19 17 24 21 
12000 83 14 12 18 16 23 20 
13000 90 13 12 18 15 22 19 
14000 97 13 11 17 15 21 19 
註：陰影部分不推薦使用，軸力介於 ௚ܣ0.10-0.25 ௖݂

ᇱ間，線性內插。 
 
6.3.2 梁主筋終止於接頭內之錨定長度 
 
評估 ACI 318 規範錨定頭鋼筋受拉伸展長度公式 

  MPa)in (  0.192or     psi) in (  0.016 c
c

by
c

c

by
dt f

f
df

f
f
df







  

經本研究團隊前期資料庫調查，上述錨定長度公式延伸到 New RC繼續使用是恰

當的，根據資料庫調查及前期卜字形梁柱接頭試驗，提出修正建議： 
1. 鋼筋規定降伏強度 fy不得超過 700 MPa (10,000 psi)。 

2. 計算錨定長度所使用之 cf 值不可超過 psi10,000 。[現行 ACI 318規範

對於錨定頭鋼筋伸展長度所使用之 cf 值是不可超過 psi6,000 ] 
3. 錨定頭鋼筋之淨距不得少於 2db。[現行 ACI 318規範是不少於 3db] 
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New RC  

•  
 

3.  
– 6000cm2/g 15000cm2/g

120

C-H-S
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New RC  

•  
 

1.
w/c

 

2. C3S, C2S C3A
ettringite CH 

3. w/c

CH
 

4. C-S-H, CH ettringite
poor structure. 
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New RC  

•  

 

 New RC  
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New RC  

•    
   ( , 15000psi) 

 
(kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) 

12K-20 400 200  50 851 692 165 14.3 20 

12K-15 400 200  50 851 692 165 14.3 15 

12K-10 400 200  50 851 692 165 14.3 10 

12K-5 400 200  50 851 692 165 14.3 5 

12K-0 400 200  50 851 692 165 14.3  

10k-20 400 170  50 851 720 165 13.6 20 

10k-0 400 170  50 851 720 165 13.6  

8k-20 350 140 70  838 777 165 8.96 20 

8k-0 350 140 70  838 777 165 8.96  
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   ( , 15000psi) 

 

New RC  

 SCC  
1. 220~240 SCC 60  
2. 34 SCC 2A  
3. 24m3 SCC 10m3  
4.  

 
 

C 
 

cm 
 

 
U  

cm 
V  

sec 
25 65 2.6 33.5 15 
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New RC  

•  
 

 
 

 

A. Kilic, C.D. Atus, A. Teymen, O.Karahan, F.Ozacn,C.Bilim,M.Ozdemir, The influence of aggregate type on the strength concrete , Cement and Concrete Research ,P290-296,2008. 

100MPa
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New RC  
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g/cm3) 

 
%  

 
N/mm2  

 2.62 2.55 190 

 1 2.65 0.44 315 
 2 2.72 0.68 164 

 1 2.68 0.92 113 
 2 2.69 0.49 116 

 2.61 0.92 262 
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, March 25, 2015 

 
f’c= 90MPa  

1. 100MPa  
2. <30%  
3.  

New RC  
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Wen-Cheng Liao 
wcliao@ntu.edu.tw 
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BackgroundBackground
•
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•

•
33•

C ( ) C
ObjectivesObjectives

Straight Development length in tension (unit : SI)
ACI 318-11 and Taiwan (2011) Codes

y
d b'

f 1l = 0.9 db s
d

A f
l =

d d b'
b trc

b

c + kf
d

d
bu d

• f 412 MPa

bd

40A

Limitations for Equation
• fy 412 MPa

• fc
’ 70 MPa

(ACI 318-11)40 tr
tr

A
K

sn

1.0 2.5b tr

b

c K
d

(Taiwan, 2011)10.3
tr yt

tr

A f
K

sn

From 1989
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Parameter of Threaded RebarParameter of Threaded Rebar
Relative Rib AreaRelative Rib Area RRRelative Rib Area Relative Rib Area RRrr

Height of

h90
h135

Height of 
rib hr

h90

h45

ib

45
A

GapSpacing of 
rib s ribrib sr

r
r

h
h

areabearingR Max. hr = h90

r
r sareashear Avg. hr = (h90+h45+h135)/3

Experimental ProgramExperimental Program

Loading Procedure
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Design Variables of Specimens (I)Design Variables of Specimens (I)

Design variablesDesign variablesDesign variablesDesign variables
11.. Bar sizeBar size D25, D32
2 Number of bars2 Number of bars 1 2-(3d )2. Number of bars2. Number of bars 1, 2-(3db)
3. L3. Ld,testd,test / / LLd,demd,dem 0.6, 0.8, 1.0
44 hh // ss :: 0 126 0 1434. 4. hhrr / / ssrr : : 0.126, 0.143
5. fc’ 70 MPa

Design of Specimens (I)Design of Specimens (I)

D Length Ratio

Spec. Width
(mm)

db,b
(mm)

db,s
(mm)

fc‘
(MPa)

fy
(MPa)

c
(mm) nb

sb
(mm)

Ss
(mm)

Ktr
(mm)

D. Length Ratio

Ld,dem
(mm)

Ld,test
(mm)

d ,test

d dem

L
L( ) ( )

BE1 160 25 12.7 70 685 40 1 0 200 25.4 762 750 0.98 

BE2 160 25 12 7 70 685 40 1 0 200 25.4 762 600 0.79

d ,dem

BE2 160 25 12.7 70 685 40 1 0 200 25.4 762 600 0.79 

BE3 160 25 12.7 70 685 40 1 0 200 25.4 762 450 0.59 

BE4 230 25 12 7 70 685 40 2 76 2 100 50 7 762 750 0 98BE4 230 25 12.7 70 685 40 2 76.2 100 50.7 762 750 0.98 

BE7 160 32 12.7 70 685 40 1 0 200 25.4 966 950 0.98 

BE8 160 32 12 7 70 685 40 1 0 200 25 4 966 750 0 78BE8 160 32 12.7 70 685 40 1 0 200 25.4 966 750 0.78 

BE9 160 32 12.7 70 685 40 1 0 200 25.4 966 600 0.62 

BE10 260 32 12 7 70 685 40 2 96 6 100 50 7 966 950 0 98BE10 260 32 12.7 70 685 40 2 96.6 100 50.7 966 950 0.98 

Depth : 300 mm
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Design Variables of Specimens (II)Design Variables of Specimens (II)

Design variablesDesign variablesDesign variablesDesign variables
1. Bar size D32, D39
2 Geometry Thread Plain2. Geometry Thread,  Plain
3. fc’ 70, 100 MPa
4 f 280 420 785 MP4. fyt : 280, 420, 785 MPa
5. 5. RRrr = h= hrr / / ssrr : : 00, , 0.13, 0.16, 0.18

Design of Specimens (II)Design of Specimens (II)

Spec Width db,b db,s fc‘ fy fyt cb Ss Ktr

D. Length Ratio

L L LSpec. (mm) (mm) (mm) (MPa) (MPa) (MPa (mm) (mm) (mm) Ld,dem
(mm)

Ld,test
(mm)

SP1 160 32 13 70 685

d ,test

d ,dem

L
L

SP2 160 32 13 100 685
SP3 160 32 13 70 685
SP4 160 32 13 100 685
SP5 160 32 13 70 685
SP6 160 32 13 100 685
SP7 160 39 13 70 490
SP8 160 39 13 100 490
SP9 160 32 13 70 490

SP10 160 32 13 100 490
SP11 160 39 13 70 490
SP12 160 39 13 100 490
TD1 160 32 13 70 685

Depth : 450 mm
TD2 160 32 13 70 685
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Actual Concrete StrengthActual Concrete Strength

Specimen fc’, Testing Day
(MPa) Specimen fc’, Testing Day

(MPa)( )

BE1~BE3 64.3
BE4 62 7

( )

SP7 93.8

SP8 109.0BE4 62.7
BE7~BE9 90.9

BE10 91 8

SP8 109.0

SP9 86.6

SP10 106 4BE10 91.8

SP1 80.4

SP2 110 6

SP10 106.4

SP11 91.4

SP12 102 3SP2 110.6

SP3 84.8

SP4 110 7

SP12 102.3

TD1 71.8

TD2 71 8SP4 110.7

SP5 90.7

SP6 106 2

TD2 71.8

Only BE1-BE4SP6 106.2 Only BE1 BE4
fc’ 70 MPa

Actual Reinforcement StrengthActual Reinforcement Strength

Group Spec. Name Bar 
Si Type hr

( )
sr

( )
Relative 
f A R

Yield
f (MP )

Ult. fua
(MP )Group Spec. Name Size Type (mm) (mm) of Area, Rr fya(MPa) (MPa)

Series BE1-BE4 D25 SD685
Hot Roll 1.44 10.0 0.143 738 932

(I) BE7-BE10 D32 SD685
Hot Roll 1.50 11.9 0.126 742 966

SP1-SP2 SD685 1.56 11.88 0.131 710 924

D32

SD685
Hot RollSP3-SP4 2.21 12.06 0.183 716 933

SP5-SP6 SD685 2 21 12 01 0 184 777 971
Series 

(II)

SP5-SP6 Milled 2.21 12.01 0.184 777 971

SP9-SP10 SD490
Plain X X X 503 698

SP7-SP8
SP11-SP12 D39 SD490

Hot Roll 2.37 14.8 0.160 534 701

TD1-TD2 D32 USD685
H t R ll 2.22 12.34 0.180 693 925TD1 TD2 D32 Hot Roll 2.22 0.180 693 925
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Test Results Test Results -- StrengthStrength

No Limit for fc’ 70 MPaLimit for fc’ 70 MPa

Bond StressBond Stress
2

bd fA f 4
0 9.

s

dem
s bb d

b

b s
f

u = f dd d

A f

'
b

b t

b
c

r
a

d
c Kf

db

' b trc Kf

3 6 3
1 2 5

6

'( ~ . )
b tr

ca
b ca

f
d f

3 6 3 6. .
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Bond StressBond Stress
utest utest/udem

2 K2

4
0 9 3 6 3

1 2 5
6

'
'( ~ .

. . .
)

b trb cas
b ca

dem
s bb d

b s

c Kd ff d f
u = f dd d

A f

'
b

b t

b
c

r
a

d
c Kf

d

Bond StressBond Stress
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Test Results Test Results –– Splitting (I)Splitting (I)

Specimen Splitting

(nb = 1) Top 
cover

Side 
cover

Top 
cover

Side 
cover

BE1 – BE3 3.64 4.22
BE7 – BE9 2.94 3.29

BE7 BE9BE1 – BE3 BE7 – BE9

653.
d

Kc

b

trb is a upper bound for splitting 

Test Results Test Results –– Splitting (I)Splitting (I)

S i
Splitting

Specimen
(nb = 2)

g

Top Side Bar Top Sidep
cover cover spacing Top Side

BE4 4.64 4.63 4.03
BE10 3.73 3.65 3.58

BE4 BE10BE4

653.
d

Kc

b

trb is a upper bound for splitting 
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Test Results Test Results –– Splitting (II)Splitting (II)

Specimen
Splitting

p
Top 

cover
Side 

cover
Top 

cover
Side 

cover
SP1 SP6 3 36 3 43SP1 – SP6 3.36 3.43
SP7 – SP8

SP11 – SP12 2.72 2.78SP11 – SP12
SP1 SP6 SP7 SP8, SP11 SP12

Kc
653.

d
Kc

b

trb

is a upper bound 
for splitting 

Test Results Test Results –– Splitting (II)Splitting (II)

Specimen
Splitting

T Sid T Sid
p

Top 
cover

Side 
cover

Top 
cover

Side 
cover

TD1 TD2 3 34 3 41TD1 – TD2 3.34 3.41
TD1 TD2

653.
d

Kc

b

trb is a upper bound for splitting 
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Interim Proposed Bond Model of 
Th d d R b ithi HRC

Development length in tension
Threaded Rebar within HRC 

Limitations forfollowing ACI 318 code (unit : SI)
yf 1l 0 9 d

Limitations for 
Bond Equation

y
d b'

b trc

f
l = 0.9 d

c + kf • fy 685 MPa
• f 420 MPa

bd • fyt 420 MPa
• fc

’ 100 MPa

1.0 2.5b trc K
d180hR r

bd

A f

180.
s

R
r

ave,r

10.3
tr yt

tr

A f
K

sn

SummarySummary (II)(II)
4.

4.5
2

D22
10%0%

D22
18%
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Design Variables Design Variables –– 2014 2014 Y.Y.

D. Length

cb
Specimen

Name
db,b

(mm)
hr

(mm)
sr

(mm)
Rr,ave

(hr/ sr)
fc'

(MPa)
fy

(MPa)
fyt

(MPa)
Cb,top
(mm)

Cb,side
(mm)

ss
(mm)

g

Ld,dem
(mm)

Ld,test
(mm)

D25C4F56 56
70 7 3.84 821 750

D25C4F8 V 80 687 750

b tr

b

c K
d

25 2.03 10.4 0.194 70.7 80D25C4F8-V 80 687 750
D25C4F10 100 614 750
D25C7F8 80 100.7 4.21 687 750
D32C4F56 56

74 2 3 11
1050 750

D32C4F8 V 80 879 75032 2.28 13.3 0.172 74.2 80 3.11D32C4F8-V 80 879 750
D32C4F10 100 786 750
D32C7F8 80 104.2 3.29 879 750
D35C4F56 56

75 7 2 89
1149 750

D35C4F8 V 80 961 750685 785 20035 2.46 14.0 0.176 75.7 80 2.89D35C4F8-V 80 961 750
D35C4F10 100 860 750
D35C7F8 80 105.7 3.01 961 750
D38C4F56 56

77 2 2 70
1247 750

D38C4F8 V 80 1044 75038 2.72 15.2 0.178 77.2 80 2.70D38C4F8-V 80 1044 750
D38C4F10 100 933 750
D38C7F8 80 107.2 2.77 1044 750
D41C4F56 56

78 7 2 54
1346 750

D41C4F8 V 80 1126 750

Cross section of specimen : 160 x 450 mm

41 2.83 16.0 0.177 78.7 80 2.54D41C4F8-V 80 1126 750
D41C4F10 100 1007 750
D41C7F8 80 108.7 2.57 1126 750

Verification Verification Test Test ResultsResults
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Verification Verification Test Test ResultsResults

Rr = 0.17r

Thank you forThank you for 
your attentionsyour attentions
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