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ABSTRACT 

The deformation and energy dissipation capacity of reinforced concrete (RC) beam, 

column and shear wall can directly affect the seismic performance of structure. Performing 

accurate calculation and quantitative performance assessment on RC beam, column and shear 

wall is an important step in performance-based seismic design. The key technology to realize 

quantitative component-based performance assessment is to establish deformation index limits 

for RC beam, column and shear wall component. At present, performance-based seismic design 

concept has been introduced in the current Chinese code. However, the method to assess seismic 

performance on components is mainly based on bearing capacity checking. The deformation 

demands of components under rare earthquake action are mainly guaranteed by related 

constructional measures while the deformation limits of components are not mentioned. 

Therefore, it is unable to conduct quantitative assessment on the performance states of structural 

components. Moreover, seismic performance assessment of structure in our country often refers 

to deformation limits in foreign codes (such as ASCE/SEI 41-13, EC8-3, etc.). Since the 

material and constructional measures in foreign codes are different from that in Chinese codes, 

thus it is necessary to find out whether deformation limits in foreign codes are applicable to 

structures designed according to Chinese codes. Howere, existing researches on these topics 

are extremely rare. Given the above, itôs very essential to establish deformation limits of 

components compliant with Chinese codes. The main research works and results of this thesis 

include: 

(1) Deformation limits of RC components, given in ASCE/SEI 41-13, EC8-3 and 

introduced previously by our research group, were expounded. The similarities, differences and 

insufficiency of these deformation limits with respect to seismic performance level, 

deformation index and verifiability of deformation limits etc. were compared and analyzed. On 

this basis, 7 seismic performance states of RC components, namely, ñintactò, ñslightly 

damagedò, ñslightly-moderately damagedò, ñmoderately damagedò, ñsevere-moderately 

damagedò, ñsevere damagedò, and ñinvalidò, were put forward, taking account related 

provisions of seismic performance level on components in Chinese codes. Then, based on 3 key 

performance points (yielding point, strength deterioration point, and strength loss point) and 

force-drift angle skeleton curves of components, a method which takes drift angle of 

components as deformation performance index was put forward to define deformation limits of 

RC components of each performance state. This method can provide a uniform standard for 

establishing deformation limits, compliant with Chinese codes, for all types of RC components. 
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(2) A database of 103 rectangular RC beams, 469 rectangular RC columns and 236 

rectangular RC shear walls was collected from published literature. Compiled tests are all cyclic 

lateral loading RC components, with or without axial load applied. Parameters of performance 

points of each specimen were extracted. The database can provide a general experimental data 

basic for researches on seismic performance and deformation limits of RC components. 

(3) The influence factors of failure modes of RC beam, column and shear wall were 

analyzed and summarized with collected database. New failure mode classification methods, 

based on flexural shear ratio and shear span ratio, were proposed respectively for RC beam, 

column and shear wall. 

(4) Through regression analysis of the collected RC component database, formulas were 

established respectively for the drift angle limits of RC beam, column and shear wall in three 

key performance states (ñintactò, ñsevere-moderately damagedò and ñsevere damagedò) under 

different failure mode. Based on these formulas and the method proposed in the paper for 

determining each deformation limit of RC components under each performance level, drift 

angle limits of RC beam, column and shear wall, with specific targeted probability of failure, 

were put forward for the 6 performance states: ñintactò, ñslightly damagedò, ñslightly-

moderately damagedò, ñmoderately damagedò, ñsevere-moderately damagedò and ñsevere 

damagedò. Then assessment of the drift angle limits was carried out by fragility analysis method 

suggested in ATC-58, results show that, the exceedance probability of drift angle limits in 

ñintactò, ñsevere-moderately damagedò and ñsevere damagedò performance state is not larger 

than 35%, 35% and 15% respectively. 

(5) Based on the collected RC component database, fragility analysis was conducted to 

compare drift angle limits of RC beam, column and shear wall proposed in this paper with that 

given in ASCE/SEI 41-13, EC8-3 and proposed previously by our research group. The accuracy, 

discreteness and safety of each deformation limits was summarized and the drift angle limits 

proposed in this paper were verified to be optimal in these deformation limits systems. This part 

of research work provides a theoretical basis for seismic performance assessment of actual 

structure. 

(6) Low-cyclic load tests of 9 RC beams, 12 RC columns and 20 RC shear walls were 

conducted and the failure behaviors of each specimens under each loading level were recorded 

in detail. Analysis was performed to the experimental failure behaviors of each RC beam, 

column and shear wall specimen with their performance states. On this basis, failure 

characteristics of RC beam, column and shear wall, refer to the 6 performance states, namely, 

ñintactò, ñslightly damagedò, ñslightly-moderately damagedò, ñmoderately damagedò, ñsevere-



 

V 

moderately damagedò and ñsevere damagedò, were obtained. And thus establish the relationship 

between performance state, deformation limits and the damage level, for RC beam, column and 

shear wall. 

(7) In order to verify the drift angle limits of RC beam, column and shear wall proposed 

in this paper, the drift angle limits of the 9 RC beams, 12 RC columns and 20 RC shear walls 

under 3 key performance states were obtained from experimental force-displacement skeleton 

curves, and then compared with the drift angle limits proposed in this paper. Results show that, 

the drift angle limits of RC beam, column and shear wall proposed in this paper are close to and 

smaller than experimental values with small discreteness. 

(8) Deformation limits of 3 key performance points of the 9 RC beams, 12 RC columns, 

20 RC shear walls in this paper, calculated by deformation limits systems proposed in this paper, 

ASCE/SEI 41-13, EC8-3 and the one proposed previously by our research group, were 

compared to the experimental one, results show that the deformation limits of RC beam, column 

and shear wall proposed in this paper are the best among these deformation limits systems, 

which are close to and smaller than experimental values with small discreteness. 

The deformation limits of RC beam, column and shear wall proposed in this paper further 

quantifies the deformation capacity of components and makes up the shortage of seismic 

performance assessment of components based on bearing capacity in Chinese codes. It provides 

a theoretical basis for realizing performance-based seismic design and assessment on 

components level. 

 

Key words: Reinforced Concrete; Performance-based; Seismic Design; Performance Level; 

Deformation Limits; RC member test 
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ᴆ ᵣ ATC-40[4]ȁFEMA 273[5]ȁ

FEM356[6]ȁASCE/SEI 41-06[7]ȁASCE/SEI 41 Update [8] ASCE/SEI 41-13[9] ѿ ↓

Ҭ̆ ↓ RC ᴆ̂ RC ȁ ◄ⱬ ̃ ⅞№ҹ

IO (ᶏ )ȁLS ( ῃ) CP (ṕ ) 3ҩ̆ ₮ ҩ

ṿȂ 
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Telemachos[10] 1000ҩRC ᴆ̂ ȁ ◄ⱬ ̃

̆ ₮RC ᴆ ᵝ ᵝ Ὲ ȂBiskinisFardis[11]

└RC ᴆ № ̆ ₮RC ȁ ◄ⱬ ᴆ ◓

↨ Ὲ ȂBiskinisFardis[12] └RC ᴆ № ̆

₮RC ȁ ◄ⱬ ᴆ ṿ ⱬҊ 20% Ὲ Ȃ

ᵀҍḱ EC8-3[13]̂Design of Strucutures for Earthquake 

Resistance ï Part 3: Assessment and Retrofitting of Buildings̃ ԅFardisֲ[10-12]

̆ RC ȁ ◄ⱬ ⅞№ҹDL ( ᴴ)ȁSD ( ᴴ)ȁNC 

( ṕ ) 3ҩ̆ ₮ ҩ ᴆ ṿ Ὲ Ȃ 

ῒ2007 ̂TSC-07̃[14] ῀ԅ ԍ

̆ RC ᴆ ⅞№ҹMD (Minimum Damage Limit)ȁSL (Safety Limit)ȁ

CL (Collapse Limit) 3ҩ̆ ₮ ₀ ṿ̆ᵬҹ ᴆ

ᴴ ᵀ ‰Ȃ 

ֲ[15] Ҍ ₀ ᵞ

̆ ԅ҉ ȁ◄ ȁ◄ ȁҊ ҉ ȁ ῒ Ҍ

Ȃ 

ȁ [16] ԅ ṿð ð ҈

῏ ץ̆ ҹ ̆ ₮ԅ Ҋ Ȃ 

´ [17] 3 RC ᵞ ̆ ԅ ᴆ ᴴ

̆ ԅ ᴆ ᴴ ₀ Ḡ ▫ ̆

ԅ◄ ȁ ᴆ ȁ ⱬ ᴴ Ȃ 

´ [18] RC ‰⅞№ҹ ȁ ȁ ḱ ȁ

ῃȁṕ 5ҩ ̆ ԅ 4ҩ ṿ Ὲ Ȃ 

ᶃ [19] 154ҩ ῤ RC № ̆

ԅRC ᴆ ᵝ ᵝ Ὲ Ȃ 

[20] Ҍ ȁ ԅ 18ҩ RC ᴆ

ῒ ⱬ ̆ ̆CRB550 ₀ ᴆ ⱬҍ

HPB235HRB335 ₀ ᴆ Ȃ 

ȁ ȁ [21] RC ⱬ № ̆ ԅ

ṿȁ ȁ ҍ ӊ ῏ ̆ 8ҩ
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̆ ҉ ԅ ꜚ ᴴ ᴆҊ

Ȃ 

҆ [22] 240ҩRC 324ҩRC ᾝ№ ̆

ᾝ№ ̆ ᴆ ȁ ṿ ⱬҊ 15% №≢ᵬҹ

RC RC ȁҬ ȁ Ҋ ṿ̆ ◄ץ̆ Kṿ

̂
( )s s

0 b

y

c

'f A A
K

f bhx

-
= ̃ҹ ̆№≢ ₮Ҍ ҊRC ṿ Ȃ 

ӏ [23] RC ᴆ ⅞№ҹ ȁ ȁ ȁҌ

Ҥ 5ҩ ̆ ᾝ№ ̆ ԍ ѿ ṿ ₮ԅRC ȁ

◄ⱬ ᴆ ᵝ ṿȂ 

׆[24] ᴴ ̆ ᵬ ҊRC ȁ ᴴ

ԅ ̆ RC ᴆ ᴴ ⅞№ҹ ȁ -◄℗ ◄℗ ̆ ◄ץ ȁ

ҹ ₮RC ᴆ ᴴ ∞ ₱ ‰↕ ◄ץ̆ Kṿҹ ₮

RC ᴆ ᴴ ∞ ₱ ‰↕Ȃ 

1.2.2 RC Ὺ  

Pujol[25] 16ҩ RC ᴆ Ҍ ⱴ Ҋ ⱬ ̆ ̆

ᴆ ᵝ ⱴ ᴆ ╠ ᶷ ⱬ Ҍ ̆ ᴆⱴ ᵝ

ᴆ ᶷ ⱬ Ȃ 

Kowalsky[26] - № ԅ ₀ ֽҍ

῏ - ᴆ ᴴ῏ ̆ ҉ ԅ ₀

ҍ ȁ ӊ ῏ Ȃ 

Lynn[27] Sezen[28] 12ҩ ₀ ᴆ ᵞ ⱴ

Ȃ ֓ ᴆᶭ ╠ץ1970 ̆ΐ ᵞȁ ȁ

90 Ȃ ̆ ᴆ ᴆ ◄ ⱬ └̆

ᴆ ◄℗ ӊ ᶷ ⱬ Ҋ ̆ ԍҦ ⱬ ̕

̆ῒᶷ ⱬ ̆ ⱬ ҹ ▲Ȃ 

ElwoodMoehle[29] ₮ԅ ȁ◄℗ 3ҩ῏

RC ᵝ ̆ ꜚ RC

ᵝ ̆ ԅ ̆ ҍ FEMA 356[6] ₮ ᵝ

ṿ ̆ ̆FEMA 356[6] ṿ ԍḠ Ȃ 
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L.ZhuȁK.J.ElwoodT.Haukaas[30] 125ҩRC № ̆ RC

⅞№ҹ └ ◄℗ └̆ └ ◄℗ └ ᴆ̆

ԅRC ◄℗ ⱬ ̂Probabilistic Shear Capacity Model̃ RC

ᵝ ⱬ ̆ҹRC ᵀ ᶫ ᶭ Ȃ 

L. Zhu[31] ԍ [30]Ҭ RC ̆ ԅRC

ᵝ ̆ ԍRC ᵀ ṕ ⱬ ᵀȂ 

Balaji Sivaramakrishnan[32] ԍ490ҩRC ᵞ ⱴ ̆ ASCE/SEI 

41 Update [8]Ҭ RC ԅḱ Ȃ 

GhannoumMatamoros[33] [32] 490ҩ RC ᵞ

№ ̆ ԅRC ⱬ-β Ὲ ̆ ҉ ₮ԅ

Ҍ ҊRC ṿȂ 

Mehrdad SASANI[34] ◄ⱬᴰ ̆ 89 RC ̆ ₮ԅѿ

RC ◄℗ ⱬ ̆ ԅ◄ ȁ ⱬ ᵝ ◄℗

̆ ҍFEMA 356ȁFEAM273ACI-318 ◄℗ ̆

̆ ₮ ⱴ ̆ 0.14Ȃ ԍ ₮ RC ◄℗ ⱬ

ҍ 89 RC ̆ ₮ԅ ᵝ ⱬ ̆ ԅ ȁ

ⱬȁ◄ ᴆⱴ Ȃ 

Erg¿ner[35] ◄ ̂ASFĨ ◄ └RC ᵝ ⱬ

̆ ₮ԅRC ᵝ ⱬ Ὲ ̆ ҍTSC-07[14]ȁFEMA 356[6]ȁEC8-

3[13] Update to ASCE/SEI 41 Concrete Provisions[8] ₮ ◄ └RC

ṿ ̆ ̆ ₮ ◄ RC ᵝ ⱬ ΐ Ȃ 

Solmaz[36] ṿ № ̆ ԅTSC-07[14]ȁFEMA 356[6]ȁEC8-3[13] Update 

to ASCE/SEI 41 Concrete Provisions[8] RC ᴆ ṿ̆ ̆

TSC-07[14]ȁFEMA 356[6]ȁEC8-3[13] Update to ASCE/SEI 41 Concrete Provisions[8]

ṿẒԍḠ ̆EC8-3[13] Update to ASCE/SEI 41 Concrete Provisions[8] ṿ

TSC-07[14] FEMA 356[6] ‰ ̆ ₮ԅ ⱴ‰ ṿȂ 

◄ ᴆ Ғ [37] 146 ᴆ № ̆

ԅ ᴆ Ὲ Ȃ 

ֲ[38] ⌠ 103RC № ̆ ᵝ

ԅ ̆ ₮ԅRC ᵝ Ὲ RC ⱬ
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ᵀ Ȃ 

ֲ[39] 7ҩ ₀ ᴆ̂◄ ҹ 3.0̃ ᵞ

̆ ԅ ◄ⱬ-ʊ

ⱬ Ȃ 

´ȁ ȁ [40] 16ҩṕT RC ᴆ ᵞ ⱴ ̆

ԅ ̆№ ԅ ₀ ȁ ȁ ȁ

ȁ ṿ ᵝ ̆ ԅ

ṿ ṿ Ȃ 

´ȁ ȁ↔ᴿ [41] 26ҩ RC ᴆ ᵞ ⱴ

̆ Ҍ ȁ ṿȁ ȁ ₀ ȁ RC

ᴆ ⱬ-β ȁ ᵝ ̆ ԅ ᴆ ̂

ȁ ̃ RC ᵝ Ὲ Ȃ 

ѿҩץ[42] 10 ҍ ᵀҹᶛ̆ ԅ RC

̆ ̔ ᵝ ᵝ

ѿ ҹ ȁ Ḃ ̆ ⱬ

̆ └ ᾢ ῤȂ 

´ [43]≠ Ҭ ̂PEER̃ ᶫ ₀

[44]̆ RC ԍ Һ ᴴ ̂ ȁ

₀ Ḡ ȁ▫ ȁ ⱬ ȁ ̃ ᶷ ԅ ̆

₮ԅRC ҩ ᴴ ᶷ Ὲ ̆ ₮ Ὲ ҍPEER

ӈ҉ ѿ Ȃ 

´ [18] RC ȁ ⅞№ҹ ȁ ȁ ḱ ȁ

ῃȁṕ 5ҩ ̆ ԅ ⅞№ ‰ Ȃ ȁ

- № №̆≢ ԅ ȁ Ȃ ԍ

Ҭ ₀ [44] № ̆ ₮ԅ

RC ₀ ṿ ̆ ԍ ₀

ṿ ⌠ ₀ ȁ ṿȂ 

῏ [45] Ҭ ԅ 35ҩ RC ᴆ ῒ ᵞ ⱴ

̆ OpenSeesᴆ RC ᵞ ⱴ ̆ ԍ ₮RC

ȁҬ ȁ Ҋ ṿȂ 
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– [46, 47] 9 RC ᴆ ⱬ ̆ ₮ԅRC

- Ȃ ṿ ԅ22 RC ̆ OpenSees

ῒ ṿ ̆ RC -β ⌠ - ̂M-ɗ̃ ̆

ԅRC M-ɗ ̆ ⌠ RC M-ɗ

̆ Ҭ ₮ ҍ ṿ Ȃ ԍ ῃ LSȁ ᾧṕ

CP ̆ ҹ 0.5̆ ῒҍ ‰ ѿ ̆

ҹ0.9̆ ῒ ԍ ‰ Ȃ 9 RC ̆ ₮ԅ RC

ҍῒM-ɗ ῏ Ȃ 

1.2.3 RC◑Ⱶ Ὺ  

K. PilakoutasA.S. Elnashai[48, 49] ѿ ↓RC◄ⱬ ᵞ ⱴ ̆

№ ԅ◄ⱬ ᴆ Ȃ 

Thomsen IVWallace[50] ѿ Ҭ ȁ ᴆ Ҍ T

◄ⱬ ᴆ ԍᵝ ԅ ̆ ̆ ԍᵝ

№ ҍ Ȃ 

Marco PretiGiuriani Ezio[51] ѿҩ 5 RC◄ⱬ ᴆ ᵞ ⱴ

̆ ԅ ◄ⱬ ̆ ̆ Ҭ ◄ⱬ ᴆΐ

̆ ᵝ 2.5%̆ ⱬ Ȃ 

Carrillo[52] 39ҩ ◄ RC◄ⱬ ᴆ ꜚ ⱬ

₮ԅᵞ ◄ⱬ IOȁLS CP ᵝ ṿȂ 

T.A.Tran[53] ◄ ԅ5ҩ ◄ ◄ⱬ ᴆ̆ ῒ

ᵞ ⱴ ̆ ̆ ԍ◄ ҹ 2.01.5 ᴆ̆ ᴆ

◄℗ ᶛ№≢ 15%50%Ȃ 

Dazio[54] 6ҩ ᶛ RC◄ⱬ ᵞ ⱴ ̆ ԅ

№ ◄ⱬ ̆ ᴆ ҍ №

̆ ₮ԅҌ ṿȂ 

Pedro [55] 26ҩ◄℗ ◄ⱬ ᴆ ᵞ ⱴ ̆

̔ ᴆ ⱬ ◄ ⁞ ⁞ ̕ ᴆ ⱬᵌӍҍ◄ ȁ №

№ ῏ Ҍ ̕ ᴆ ◄ ȁ № №

⁞ ⱴ ̕ № Ҭ ᴆ ◄ Ȃ 

Su Wong[56] 3ҩ RC◄ⱬ ᴆ ᵞ ⱴ ԅ



ѿ    

7 

’ RC◄ⱬ ̆ ⌠ ῃ ̂LS̃ ṕ

̂CP̃ ᵝ ṿҍSEAOC Vision 2000ṿ ̆ ̆

ԍ ᴆ̆SEAOC Vision 2000 CP ṿẒԍҌ ῃȂ 

Salonikios[57] EC8 ԅ11◄ ҹ1.01.5RC◄ⱬ ᴆ̆

ῒ ᵞ ⱴ ̆ ₮ԅRC◄ⱬ ◄℗ ᵞ

◄ⱬ ◄℗ Ȃ 

Riva[58] ԅѿҩ RC◄ⱬ ᴆ̆ ᴆ ҹ 2800mmĬ300mm̆

ᴆ ҹ15.5m̆ ᴆ ѿ EC8 ѿ Ҋ Ҭ

ѿ ◄ⱬ ̆ ᴆ ᵞ ⱴ ̆ ԅ ◄ⱬ ᴆ

Ȃ 

Grammatikou[59] 621ҩ RC◄ⱬ ᵞ ̆

EC8-3 ₮ RC◄ⱬ ⱬ Ὲ ȁ ⱬ ṿ ⱬ Ὲ

ᵀ̆ ̆EC8-3 ₮ Ὲ ҍ Ȃ 

Kazaz[60] ᾝ№ ׆≢№̆ ◄ⱬ

̆ ASCE41-06ȁ EC8-3ȁ ῒTSC-07[14] RC◄ⱬ

̆ ₮ԅ Ҋ ҹ‰ ṿȂ 

ȁ [61, 62] ԅ ȁ ȁ ᴆ ץ ṿ

◄ⱬ ᵝ ̆ ԅ ₀ ◄ⱬ ᵝ

̆ ₮ԅҹḠ ◄ⱬ ᵝ ᴆ Ȃ 

ȁ [63] 106ҩ ᴆ № ̆ ԅRC◄ⱬ

ᵝ ᵝ Ὲ ̆ ₮ԅRC◄ⱬ ԍᵝ ⱬ ̆

⌠ԅRC◄ⱬ Ҍ ᵝ Ҋ ṿ Ὲ Ȃ 

ῐ [64] ԍ ₀ ◄ⱬ ̆ ₀ ◄ⱬ ⅞

№ҹ3ҩ ̆ ₮ԅ ҩ ΐ 95%Ḡ ◄ⱬ ᴆᵝ ṿȂ 

Ꞌ [65] ᾝ RC ◄ⱬ ᴆ

ῒ ȁҬ ᵬ Ҋ ṿ ̆ ₮ԅRC◄ⱬ

ᴆ ȁҬ ᵬ Ҋ ṿȂ 

▓ [66] ◄ⱬ ȁ ṿȁ ◄℗ ̆

₮ԅѿ ◄ⱬ ⱬ Ȃ ԍ 12 ◄ⱬ ᴆ

ṿ ̆ ҍ № Ȃ ̆◄ⱬ ᴆ ᵝ
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ȁ ȁ ץ ᵝ ȁ ᵝ ᵝ ṿ ҍ

ṿ Ȃ 

ⱬȁ ῐ [67] ԅ◄ⱬ ҍ ȁ ҍ

῏ ̆ Ẋ ◄ⱬ ᴆ ṿ ̆

₮ԅҌ ȁҌ ◄ⱬ ᴆ ṿ ṿȂ 

ȁ ῐ [68] ᾝ ԅ ȁ ȁ

ṿ ◄ⱬ ⱬ ̆ ₮Ҍ ᵝ ’Ҋ

ᴆ ҍ ṿ Ȃ 

ȁ ῐ [69] ◄ⱬ ⱬ ̆ ᵝ №ҹ ᵝ ↨ᵣ

ᵝ ̆ ᵝ №ҹ ӈ ᵝ ᵝ ̆ ₮ԅ ᵝ ᵌ

Ὲ Ȃ ̆ ₮ ᵝ ᵬҹ◄ⱬ

̆ ⅞№̆ ᵝ ᵝ ңҩ

└◄ⱬ Ȃ 

ῐ ȁ ᶃ֦ [70] 21ҩ◄ №≢ҹ 2.1ȁ1.51.0 ȁ

₀ ◄ⱬ №̆≢ ₮ԅ ◄℗ ◄ⱬ ᶏ

ȁ ῃ ṕ 3ҩ ∞≢ ‰ ῒᵝ ṿ ṿ̆

₮ԅ ₀ ◄ⱬ ҈ ΐ 95%Ḡ ᵝ ṿȂ 

ȁ [71] ₮ ῏ Ὲ ԅRC◄ⱬ

ṿȁ ȁ ҍ◄ⱬ ᵝ ӊ ῏ ̆ ῤ 65ҩ

₀ ◄ⱬ ҉ ῏ ‰ ̆ ѿ ₮ԅ ԍ

₀ ◄ⱬ ᴆ Ȃ 

ȁ [72] ԅ 18 Ҍ RC◄ⱬ ᴆ ⱬ ̆

№ ◄ⱬ ᵝ ̆ ԅҌ Ҋ ◄℗ȁ

ᵝ Ὲ ̆ ₮ԅ ◄ ◄ⱬ Ȃ 

´ȁ [73] ȁ◄ ȁ ᴆ ῒ ṿ ◄ⱬ

ᵝ ̆ ԅ RC◄ⱬ ᵝ ̆ 39 Ҍ

RC◄ⱬ ⱬ ԅ Ȃ 

̆ [74] ᵣ ₀ ◄ⱬ ᴆ № ̆

҉ ₮◄ ȁ ◄ ῒ ̆№ ԅ ῤ 76

ᵣ ₀ ◄ⱬ ̆ ₮ԅץ◄ ȁ ◄ 3ҩ ∞ ᵣ
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₀ ◄ⱬ ‰Ȃ 

´̆ שּׂ [75] 7 Ҍ RC◄ⱬ ᴆ ⱬ ̆ ԅ

Ҍ RC◄ⱬ ᴆ ᴴ Ȃ 

ȁ↔ [76] 68 RC ◄ⱬ ⱬ № ̆

ԅ◄ⱬ ȁ ᵝ ҍ ȁ ṿȁ ᴆ ӊ

῏ ̆ ҉ ₮RC◄ⱬ ‰Ҋ ᵝ ṿȂ 

1.3 ғῪ  

RC ȁ ◄ⱬ ⱬ ̆ RC ȁ

◄ⱬ ‰ ᵀ RC ԍ Ҭ №̆

RC ȁ ◄ⱬ ṿ↕ RC ᴆ

ᵀ ῏ Ȃ 

╠ ̆ ῤ RC ᴆ ṿ ԅ Ȃ ↓

EC8-3Һ ԍ № ₮ԅ ᴆ

ῒ ṿ̆ ӈȁ ᴆ ҍҬ

̆ Ҭ RC ᴆ ṿҌ

⌠Ҭ ҬȂ ῤ ԍRC ᴆ ṿ ↕ ѿ֓

̂ Ẋ ȁ̃ Ὲ ᾝ ̂ Ҍ ҍ ₀

ȁҌ ᴆ ◄℗ ̃̆ ֓ ԍ ⱬ Ҋ

ᴆ № Ȃ 

̆ ԋ ₃ҩῖ RC ᴆ ̂ ASCE/SEI 41-13ȁ

EC8-3 [23]̃ ̆ ╠ ֓ ‰ ӈȁ

⅞№ȁ ṿ Ҍ Ҍ Ȃ 

╠ ȇ Ȉ̂ GB 50011ð2010̃ ῀ԅ ԍ

̆ᵖ ᴆ ᵀ҉ᶭ ץ ⱬ ҹҺ ᵀ ̆ ᴆ

ᵬ Ҋ Һ ῏ Ḡ ̆ ₮ ᴆ

ṿ̆ ᴆ ᴴ ᵀȂ ῤ ᵀ ̆

̂ ASCE/SEI 41-13ȁ EC8-3 ̃ ₮ ᴆ

ṿ̆ ╠ ̆ ᶏ ҍ Ҍ ̆ ╠῏ԍ ֓ ᴆ

ṿӊ ԍҬ №Ҍ Ȃ 
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҉̆ ԍҬ ᴆ Ҍ Ҋ ṿ̆

ṿᵣ ‰ ȁ ῃ № Ȃ 

1.3.1  

̂1̃ ₮ ԍҬ RC ᴆ ⅞№

ṿ ѿ ̆ҹ ԍҬ RC ᴆ ṿ ᶫ ѿ

‰Ȃ 

̂2̃ ѿ ṿ ̆ ԍ ҍ№ ̆

RC ȁ ◄ⱬ Ҍ Ҋ ṿ̆ ԍ

ⱬ ᵀ ᴆ Ҍ ̆ ᴆ ⱬ ѿ ̆ҹ ᴆ

ԍ ҍ ᵀ ᶫ ᶭ Ȃ 

̂3̃ Ҍ RC ȁ ◄ⱬ ᴆ ṿ ‰ ȁ

ῃ ̆ҹ ᵀҬ ṿ ᶫ Ȃ 

1.3.2  

RC ᴆ ṿ
ѿ ̂ ԋ ̃

¶ ᵣ ׃ ҍ ᴇ

¶ RC ᴆ ‰ ⅞№

¶ RC ᴆ

¶ RC ᴆ ṿ ѿ

¶ RC ᴆ ⅞№

¶ ṿ

¶ ṿ №

¶ ṿ

¶ Ҍ ṿ

RC ( )

¶ RC ᴆ

¶ № ⱬ

¶ 

¶ ṿ

¶ Ҍ ṿ

RC ( Έ )

RC◄ⱬ ( ῇ )

RC ᴆ ṿ
̂ № ȁ ᵀ̃

RC ( ԓ )

RC ( ҂ )

RC◄ⱬ ( Ӝ )

RC ᴆ

RC ᴆ
̂ ҈ ̃

¶ RC ᴆ

¶ RC ᴆ №

 

 1-1  
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1.3.3 Ὺ  

̂1̃ RC ᴆ ṿ Ȃ ԋ Ҭ

ASCE/SEI 41-13ȁEC8-3 ╠ [23] ₮ RC ᴆ ṿ ῃ ̆

№ ֓ ‰ ӈȁ ṿ

Ҍ Ȃ ҉̆ ῏ԍ ᴆ ‰ ῏

̆ ₮RC ᴆ ⅞№ Ҋ ṿ ѿ ̆

ҹ└ ԍ RC ᴆ ṿ ᶫ ѿ ‰Ȃ 

̂2̃ RC ᴆ RC ᴆ ṿ Ȃ

ҹ RC ᴆ ᵝ ṿ̆ ҈ Ὲ׆ ԅ ῤ 103ҩ

RC ȁ469ҩRC 236ҩRC◄ⱬ ⱬ ̆ ԅ ᴆ

̆ ̆ ԅ ҬҺ ȁ № ’Ȃ 

̂3̃ ȁ Έ ῇ ≠ ҈ RC ᴆ ̆№≢

RC ȁ ◄ⱬ ṿ Ȃΐᵣῤ ̔ã ҈ RC

ᴆ № ̆ RC ᴆľ Ŀȁľ Ŀȁľ ĿȁľҬ

Ŀȁľ Ҥ Ŀ ľҤ Ŀ6ҩ Ҋΐ ᵝ

ṿ̆ № ᵝ ṿ ̕b̃ ≠ ҈ RC

̆ № ̆ ѿ ₮ RC ᴆᵝ ṿҍ

ASCE/SEI 41-13[9]ȁ EC8-3[13] ╠ ₮ [23] RC ᴆ ṿ

̆ Ҍ ṿ ‰ ȁ ῃ ̆ ᴨⱷ Ȃ 

̂4̃ ԓ ȁ ҂ Ӝ №≢ RC ȁ ◄ⱬ ṿ

Ȃΐᵣῤ ̔ã RC ᴆ ṿ ⱬ ̂ ԓ ȁ

҂ Ӝ №≢ ԅ 9ҩRC ᴆȁ12ҩRC ᴆ 20ҩ RC◄ⱬ ᴆ

ⱬ ̃̆ RC ᴆ ԍľ Ŀȁľ Ŀȁľ ĿȁľҬ

Ŀȁľ Ҥ Ŀ ľҤ Ŀ6ҩ ̆ RC ᴆ ȁ

ṿ ӊ ῏ b̃̕ ѿ ȁ Έ ῇ

₮ RC ᴆᵝ ṿ ̕c̃ ≠ ̆ ѿ RC

ᴆ ṿҍASCE/SEI 41-13ȁEC8-3 ╠ ₮ [23] RC ᴆ ṿ

̆ Ҍ ṿᵣ ‰ ȁ ῃ Ȃ 
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ԑ  RC ᴌ ẅ  

2.1  

ᴆ ṿ 3ҩҺ ῤ ̔1̃ ᴆ ‰ ⅞№̆2̃

ᴆ 3̆̃Ҍ ‰Ҋ ᴆ ṿ Ȃ ᴆ

‰ ԅ ᴆ ᴴ ḱ ̆ ᴆ ᴆ ᴴ

̆ Ҍ ‰Ҋ ᴆ ṿ↕ ᴆ ‰ ΐᵣ Ȃ

ᾢ 3ҩ҉ץ ῤ ̆ ₃ҩ RC ᴆ ṿᵣ

̆ ᵣ ₮ RC ᴆ ṿ ѿ Ȃ 

2.2 ᴌ ᵩ  

2.2.1 ᴌ  

ᶭ ԅATC 40ȁFEMA 356ȁASCE/SEI 41-06ȁ

Update to ASCE/SEI 41 concrete provisionŝץҊ ASCE/SEI 41-06 Updateȁ̃ASCE/SEI 

41-13 ̆ ֓ Ҭ ᴆ Ӟᵄ Ȃ

ASCE/SEI 41-13 ╠ ᵀҍḱ ҊҺץ̆ ASCE/SEI 41-

13Ҭ RC ȁ ◄ⱬ ᴆ ṿ ׃ Ȃ 

2.2.1.1 RC ẅ 

 

 2-1 ASCE/SEI 41-13 RC  

ԍ RC ᴆ̆ASCE/SEI 41-13 ᵬҹ ᴆ Ȃ  

2-1 ҹ ASCE/SEI 41-13 RC ̆ῒҬ ҹ ̆

ҹ Ȃ 5ҩ ̔Aҹ ̕Bҹ ӈ ̕Cҹ ⱬ

̆ῒ ҍ ⱬҊ 20˿ ̆ ҹ a̕ ԍC

̆ ⱬ ▲Ҋ D ̆Dҹ ᵩ ⱬ ̆ ᵩ ⱬҍ ⱬӊ ҹ c̕

D ̆ ᴆ ᵩ ⱬ E ̆Eҹ ̆ῒ ӈҹ ᴆҦ

 



ԋ  RC ᴆ ṿ  

13 

ⱬ̆ ҹbȂB ȁC E ᴆ 3ҩ

Ȃ  2-1ҹ ASCE/SEI 41-13 ₮ RC ᴆ ṿ̆  2-1Ҭ̆

V=min(Vp,Vn)̆Vp=Mp/H̆ Mp Vn№≢ҹ ⱬ ◄ ⱬ̆

₀ ACI 318-14[77] H̆ҹ ̆ cf 'ҹ ₀ ᵣ ̆

rȁ 'r balr №≢ҹRC ȁ ץ Ȃ 

 2-1 ASCE/SEI 41-13 RC ṿ 

ᴆ 

 ‰↕ 

(rad) 
ᵩ

 

(rad) 

 

a b c IO LS CP 

ᴆi. └ 

bal

'r r

r

-
 ᴆ 

w c

V

b d f '

 
      

Ò0.0 C Ò0.25 0.025 0.05 0.2 0.010 0.025 0.05 

Ò0.0 C Ó0.50 0.02 0.04 0.2 0.005 0.02 0.04 

Ó0.5 C Ò0.25 0.02 0.03 0.2 0.005 0.02 0.03 

Ó0.5 C Ó0.50 0.015 0.02 0.2 0.005 0.015 0.02 

Ò0.0 NC Ò0.25 0.02 0.03 0.2 0.005 0.02 0.03 

Ò0.0 NC Ó0.50 0.01 0.015 0.2 0.0015 0.01 0.015 

Ó0.5 NC Ò0.25 0.01 0.015 0.2 0.005 0.01 0.015 

Ó0.5 NC Ó0.50 0.005 0.01 0.2 0.0015 0.005 0.01 

ᴆii. ◄℗ └ 

Ò d /2 0.0030 0.02 0.2 0.0015 0.01 0.02 

> d /2 0.0030 0.01 0.2 0.0015 0.005 0.01 

ᴆiii. Ҍ  

Ò d /2 0.0030 0.02 0.0 0.0015 0.01 0.02 

> d /2 0.0030 0.01 0.0 0.0015 0.005 0.01 

ᴆiv. Ҍ  

   0.015 0.03 0.2 0.01 0.02 0.03 

̔̂ 1̃ ᴆ ѿ ᴆ ̆ ҩ ᴆ ṿ̂̕ 2̃ľCĿ ľ̆NCĿ

Ҍ ̆ ῤ Òh/3 ᶫ ◄ ⱬ ԍ◄ⱬ ṿ 3/4̆↕ ҹ

̆ ӊ↕Ҍ Ȃ 

 

 2-1 ̔ 

̂1̃ ASCE/SEI 41-13 ӈRC ṿ №ҹ4 ̆ ᴆiȁ ᴆ

iiȁ ᴆiiiᴆiv̆p ΐᵣ№ ∞ ‰↕ Ȃ 

̂2̃ ASCE/SEI 41-13 ӈ RC ṿ Һ ҹ ṿ
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bal

'r r

r

-
ȁ ӈ◄ ⱬ

w c

V

b d f '
ᴆȂ 

̂3̃ ԍ ᴆ̆LS ‰ ṿҍ a ̆ LS ᵝ

ԍ  2-1ҬC ̆ ҹ ᴆ ⱬҊ 20% Ȃ 

̂4̃ ԍ ᴆ̆CP ‰ ṿҍ b ̆ CP ᵝ

ԍ  2-1Ҭ E ̆ ҹ ᴆҦ ⱬ Ȃ 

2.2.1.2 RC ẅ 

ԍRC ĂSCE/SEI 41-13 ᵬҹ ᴆ ȂASCE/SEI 

41-13 RC ⱬ-β ҍRC ᵌ̆  2-1 ̆Ҍ

ԍRC ᴆ̆ ԍ ᵬ ̆  2-1Ҭ E ҹRC Ҧ

ⱬ ̆ ҹ b̆ ԍb ̆ Ҧ

ⱬȂ  2-2 ASCE/SEI 41-13₮ RC ṿ̆  2-3ҹRC ᴆ

∞≢ ̆ῒҬ̆ g cP A f 'ҹRC ̆ v wA b sr= ҹⱴ

̆ῒᵩ ӈҍ  2-1ѿ Ȃ 

 2-2 ASCE/SEI 41-13 RC ṿ 

ᴆ 

 ‰↕ 

(rad) ᵩ ⱬ  
(rad) 

‰ 

a b c IO LS CP 

ᴆi. └ 

g c

P

A f '
 v

w

A

b s
r=         

Ò0.1 Ó0.006  0.035 0.06 0.2 0.005 0.045 0.060 

Ó0.6 Ó0.006  0.010 0.010 0.0 0.003 0.009 0.010 

Ò0.1 Ò0.002  0.027 0.034 0.2 0.005 0.027 0.034 

Ó0.6 Ò0.002  0.005 0.005 0.0 0.002 0.004 0.005 

ᴆii. ◄ └ 

g c

P

A f '
 v

w

A

b s
r=  

w c

V

b d f '

 
      

Ò0.1 Ó0.006 Ò0.25 0.032 0.06 0.2 0.005 0.045 0.06 

Ò0.1 Ó0.006 Ó0.50 0.025 0.06 0.0 0.005 0.045 0.06 

Ó0.6 Ó0.006 Ò0.25 0.010 0.010 0.0 0.003 0.009 0.010 

Ó0.6 Ó0.006 Ó0.50 0.008 0.008 0.0 0.003 0.007 0.008 

Ò0.1 Ò0.0005 Ò0.25 0.012 0.012 0.2 0.005 0.01 0.012 

Ò0.1 Ò0.0005 Ó0.50 0.006 0.006 0.2 0.004 0.005 0.006 

Ó0.6 Ò0.0005 Ò0.25 0.004 0.004 0.0 0.002 0.003 0.004 

Ó0.6 Ò0.0005 Ó0.50 0.0 0.0 0.0 0.0 0.0 0.0 
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 2-2 ASCE/SEI 41-13 RC ṿ̂ ̃ 

ᴆ 

 ‰↕ 

(rad) ᵩ ⱬ  
(rad) 

‰ 

a b c IO LS CP 

ᴆiii. ◄℗ └ 

g c

P

A f '
 v

w

A

b s
r=         

Ò0.1 Ó0.006  0.0 0.060 0.0 0.0 0.045 0.006 

Ó0.6 Ó0.006  0.0 0.008 0.0 0.0 0.007 0.008 

Ò0.1 Ò0.0005  0.0 0.006 0.0 0.0 0.005 0.006 

Ó0.6 Ò0.0005  0.0 0.0 0.0 0.0 0.0 0.0 

ᴆiv. Ҍ  

g c

P

A f '
 v

w

A

b s
r=         

Ò0.1 Ó0.006  0.0 0.060 0.4 0.0 0.045 0.006 

Ó0.6 Ó0.006  0.0 0.008 0.4 0.0 0.007 0.008 

Ò0.1 Ò0.0005  0.0 0.006 0.2 0.0 0.005 0.006 

Ó0.6 Ò0.0005  0.0 0.0 0.0 0.0 0.0 0.0 

̔̂ 1̃ ᴆ ѿ ᴆ ̆ ҩ ᴆ ṿ̂̕ 2̃  P > 0.7A f 'g c ̆ ‰

ṿ 0̆ 135 ̆ғ Òh0/3 ᶫ ◄ ⱬҌ ԍ ◄ ṿ

3/4̂̕3̃ ԍ Ҭ ӊ ̆ ץ ṿ ṿȂ 

 

 2-3 ᴆ̔ ᴆ 

◄℗ ⱬ  135Á 90Á  ῒז 

p 0/V V Ò0.6 i ii ii 

1.0Óp 0/V V >0.6 ii ii iii 

p 0/V V >1.0 iii iii iii 

̔ ԍ0.002ғ ҍ ṿ ԍ0.5 ∞≢ҹ ᴆiȂ 

 2-2 ̔ 

̂1̃ ASCE/SEI 41-13 ӈRC ṿ №ҹ4 ̆ ᴆiȁ ᴆ

iiȁ ᴆiiiᴆiv̆ῒҬ ᴆi ҹ ̆ ᴆii ҹ

◄ ̆ ᴆiiiҹ◄℗ ̆ ₮ԅ RC ∞≢ Ȃ 

̂2̃ASCE/SEI 41-13 ӈRC ṿ Һ̆ ҹ
g c

P

A f '
ȁ

v

w

A

b s
r= ӈ◄ ⱬ

w c

V

b d f '
Ȃ 

̂3̃ҍRC Ҍ L̆S ṿҍ a ̆p Ҍ ̆

ԍ № ᴆ̆LS ṿ a ̆ ԍ №

ᴆ̆LS ṿҍa a Ȃ Һ ̆ASCE /SEI 



ᵝ  

16 

41-13ҬRC LS ṿ CPץ ṿҹ ̆

CP ṿӗץѿ ᶛ ₮Ȃ 

̂4̃CP ṿҍ b ̆ CP ᵝԍ  2-1Ҭ E ̆

ҹ ᴆҦ ⱬ Ȃ 

2.2.1.3 RC◑Ⱶ ẅ 

ASCE/SEI 41-13₮̆ ԍ3 ◄ⱬ ҹ └̆ ԍ1.5 ԍ

3 ◄ⱬ ҹ ◄ └̆ ԍ1.5◄ⱬ ҹ◄℗ └Ȃ 

̂1̃ ◄ⱬ ṿ 

ԍ └ ◄ⱬ ᴆ ĂSCE/SEI 41-13 ᵬҹ ᴆ

̆  2-2 ȂASCE/SEI 41-13 RC◄ⱬ ᴆ ⱬ-β

ҍRC ᵌ̆  2-1 ̆Ҍ ԍRC◄ⱬ ᴆ̆ ԍ

ᵬ ̆  2-1Ҭ E ҹRC◄ⱬ Ҧ ⱬ ̆

ҹb̆ ԍb ̆ ᴆ Ҧ ⱬȂ 

 

 2-2 ◄ⱬ  

B ҹ ĂSCE/SEI 41-13ӈ (2-1)

̆ῒҬMyҹ◄ⱬ ⱬ̆Ecҹ ₀ ̆ effI ҹ

̆lpҹ◄ⱬ ̆ 0.5Ṑ ̆ғҌ ԍ Ȃ 

 
py

c eff

=y

M l

E I
q  (2-1) 

 2-4ҹASCE/SEI 41-13₮ RC◄ⱬ ṿȂ Ҭ̆ñCò

ᴆ ASCE/SEI 41-13 ̆ñNCò Ҍ ̆V=min(Vp,Vn)̆

Vp=Mp/H̆ ῒҬMpҹ ⱬ H̆ҹ◄ⱬ V̆nҹ ₀

ACI 318-14[77] ◄ ⱬ̆twҹ ̆lwҹ ̆ cf 'ҹ ₀

ᵣ Ȃ 
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 2-4 ASCE/SEI 41-13 ◄ⱬ ṿ 

  ‰↕ 

)A A f

t l

'

f '

P- +̂
s s y

w cw

 

w w

V

t l f '
c

  
(rad) ᵩ  

(rad) 

 

a b c IO LS CP 

Ò0.1 Ò0.3333 C 0.015 0.020 0.75 0.005 0.015 0.020 

Ò0.1 Ó0.5 C 0.010 0.015 0.40 0.004 0.010 0.015 

Ó0.25 Ò0.3333 C 0.009 0.012 0.60 0.003 0.009 0.012 

Ó0.25 Ó0.5 C 0.005 0.010 0.30 0.0015 0.005 0.010 

Ò0.1 Ò0.3333 NC 0.008 0.015 0.60 0.002 0.008 0.015 

Ò0.1 Ó0.5 NC 0.006 0.010 0.30 0.002 0.006 0.010 

Ó0.25 Ò0.3333 NC 0.003 0.005 0.25 0.001 0.003 0.005 

Ó0.25 Ó0.5 NC 0.002 0.004 0.20 0.001 0.002 0.004 

 

 2-4 ̔ ԍ RC◄ⱬ ᴆ̆ASCE/SEI 41-13⅞№ ṿ

Һ̆ ҹ ȁ ӈ◄ ⱬ ᴆ ᴆ L̕S

ṿҍ a ̆ LS ᵝԍ  2-1ҬC ̆ ҹ ᴆ

ⱬҊ 20% ̕CP ṿҍ b ̆ CP ᵝ

ԍ  2-1Ҭ E ̆ ҹ ᴆҦ ⱬ Ȃ 

̂2̃ ◄ ◄ⱬ ṿ 

ԍ◄ RC◄ⱬ ᴆ̆ASCE/SEI 41-13 ᵝ ᵬҹ ᴆ ̆

 2-3 Ȃ 

 

 2-3 ◄ⱬ ᵝ  

 2-4 ҹASCE/SEI 41-13 ◄ └◄ⱬ ᴆ ⱬ-β

Ȃ  2-4Ҭ̆ ҹ◄ⱬ ᵝ ̆AF ᴆ ̆FB

↨ B̆C ᴆ C̆ ᴆᶷ ⱬ ̆

ԍ ᴆ ⱬҊ 20% D̕ ҹ ᵩ ⱬ ̆ D ̆

ᴆ ᵩ ⱬ E ̕Eҹ ̆ῒ ӈ ᴆҦ ⱬ̆
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ҹbȂ fҹ ᴆ ҍ ⱬ ṿ̆ gȁd e№

≢ B ȁC E ᵝ ̆ cҹ ᴆ ᵩᶷ ⱬҍ ӈ

ⱬ ṿȂ  2-5ҹASCE/SEI 41-13◄ RC◄ⱬ ᵝ ṿȂ 

 

 2-4 ASCE/SEI 41-13◄ └◄ⱬ  

 2-5 ASCE/SEI 41-13◄ ◄ⱬ ᵝ ṿ 

ᴆ 

 ‰↕ 

ᵝ (%)  
ᵝ (%) 

 

d e g c f IO LS CP 

)A A f

t l

'

f '

P- +̂
s s y

w cw

Ò0.05 1.0 2.0 0.4 0.20 0.6 0.40 1.5 2.0 

)A A f

t l

'

f '

P- +̂
s s y

w cw

>0.05 0.75 1.0 0.4 0.0 0.6 0.40 0.75 1.0 

 

 2-5 ̔̂ 1̃ ԍ ◄ └ RC◄ⱬ ̆ASCE/SEI 41-13⅞№ᵝ

ṿ ̆Һ ҹ ̂̕ 2̃ LS ᵝ ṿҍ d ṿ

̆ LS ԍ  2-4Ҭ C ̆ҍ ᴆ ⱬҊ 20% ף̆

ᴆᶷ ⱬ ₮ ̂̕ 3̃ CP ҍ e

ṿ ̆ CP ᵝԍ  2-4Ҭ E ̆ ҹ ᴆҦ ⱬ Ȃ 

2.2.2 ᴌ  

EC8-3̂ Design of strucutures for earthquake resistance ï Part 3:Assessment and 

retrofitting of buildings̃[5] ᵀҍḱ ̆

⅞№ҹ3ҩ̆№≢ҹDamage Limitation (DL)ȁSignificant Damage (SD)ȁ

Near Collapse (NC)̆ ᴴ  2-6Ȃ 
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 2-6 EC8-3  

 Damage Limitation (DL) Significant Damage (SD) Near Collapse (NC) 

 

 

̆

ᴆׅ ԍ ῤ̆

ᴆ ̆ᵖ ḱ

ׅ ᶏ ̕

̆ ḱ ׅ

ᶏ Ȃ 

̆ ׅ

̆ ᴆ ̆

ᵖ ṕ ̆֟

̆ ׅ

ѿ ̆ᵖҌ ḱ

Ȃ 

Ҥ ̆ ᴆ

ⱬ ᵞ̆ᵖׅ

̆ № ᴆ

ṕ ̆ ᵝ ̆

ṕ ̆

Ȃ 

 

EC8-3 ᴆ№ҹ ᴆ ᴆ̆ ԍ ᴆ ᴴ └̆

ᴆ↕ ⱬ └ȂEC8-3 ᴆ ̂ ӈ  2-5 ̆ ԍ

ᴆ̆ ԍᵝ ̃ᵬҹ ᴆ ̆ ₮ԅ ᴆ DLȁ

SD NC3ҩ Ҋ Ὲ Ȃ 

     

ã ᴆ                     b̃ ᴆ 

 2-5 ӈ 

DL ҹ ᴆ ̆ ҹ ᴆ Ȃ 

ԍ ᴆ̆EC8-3 ₮ԅңҩ Ὲ ̆ (2-2) (2-3)Ȃ 

 y 0.0014 1+1.5
3 6

y bL yv v
y

v c

d fL a z h

L d d f

e
q f

å õ+
= + +æ ö

¡-ç ÷
 (2-2) 

 
y

y

y y 0.0014 1+1.5
3 8

bLv v

v c

d fL a z h

L f
q f f

å õ+
= + +æ ö

ç ÷
 (2-3) 

ԍ◄ⱬ ᴆ̆EC8Ӟ ₮ԅңҩ Ὲ ̆ (2-4) (2-5)Ȃ 

 
y bL yv v

y y

c

0.0013
3 6

d fL a z

d d f

e
q f

+
= + +

¡-
 (2-4) 

 0.0013
3 8

bL yv v
y y

c

d fL a z

f
q f f

+
= + +y  (2-5) 

ῒҬ̆
yfҹ ̕ ᴆ ֟ ◄℗ ̆ av 1̆ ῒז

’ av 0̕ zҹ ⱬ ̆ ԍ ◄ⱬ 0.8Ṑ ̕

y y sf Ee= ҹ̆ ̕d d¡№≢ҹ ⱬ ҍ ⱬ ⌠

̕ bLd ҹ Ȃ 
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NC Ҋ ⱬ Ὲ (2-6) Ȃ 

 
( )

1000.225 0.35

um

1 max(0.01, )
0.016 (0.3 )[ ] (min(9,( )) 25 (1.25 )

max(0.01, )

yw
sx

c d

f

fv
c

el

L
f

h

ar
rn w

q
g w

¡
= Ö  (2-6) 

ῒҬ̔ ԍҺ ᴆ̆ elg 1.5̆ ᴆ 1.0̕hҹⱴ ᴆ ̕

vL M V= ҹ◄ ̆ ԍ ᴆ̆◄ ԍ ᴆ ̕ vL hҹ◄ ̕

cv N bhf= ҹ ̕w w¡№≢ҹ ̂ № ̃

ⱬ ̕ cf ywf №≢ҹ ₀ ᵣ ̕ sx sx w hA b sr =

ҹⱴ № ̂ hs ҹ№ ̃̕ drҹ֜ ̕

2

0 0 0 0

1 1 1
2 2 6

ih h
bs s

b h h b
a

å õå õå õ
= - - -æ öæ öæ öæ ö
ç ÷ç ÷ç ÷

ä
ҹ ῒ̆Ҭ 0b 0h ҹ Ҭ

₀ ̆ ibҹ Ҭ Ȃ (2-6) ԍ

◄ⱬ ̆ ץ 1.6ȂNC Ҋ Ὲ (2-7) ̆

Ҭ elg ԍҺ ᴆ 1.8̆ ᴆ 1.0̆ῒᵩ ӈ (2-6)Ȃ (2-7)

ԍ◄ⱬ ̆ ӗ0.6ץȂ 

 
( )

100pl 0.3 0.2 0.35

um

1 max(0.01, )
0.0145 (0.25 )[ ] min(9,( )) 25 (1.275 )

max(0.01, )

yw
sx

c d

f

fv
c

el

L
f

h

ar
rn w

q
g w

¡
= Ö  (2-7) 

EC8-3 ӈ ᴆSD ṿҹNC ṿ 3/4Ȃ 

EC8-3 ӈ̆DL ᴆ ̆NC

ᴆ ᶷⱬ ̆ᵖׅ ̆ῒ ҍᶷ ⱬ

20% ѿ ȂEC8-3 ₮ҍ ᴆҦ ⱬ Ȃ 

2.2.3 QYLᴌ  

╠ ӏ [23] ȇ Ȉ M ȇ

⅞№ ‰Ȉ̆ RC ᴆ ⅞№ҹ ȁ ȁ ~Ҭ ȁҬ

ҌҤ 5ҩ ̆ ₮ ṿ̆  2-7

Ȃ  2-7Ҭ̆Ůsuҹ ̆Ůcuҹ ₀ Ȃ

҉̆ ѿ Ҭ ԅ468ҩRC ȁ380ҩRC 524ҩRC ᴆ̆

ABAQUSῒ ᾝ№ ̆ ԍ ᾝ№  2-7 ṿ

ᴆ ᵝ ṿ № ̆ ԅҌ ҊRC ȁ ◄ⱬ ԍ

ȁ ȁ ͘Ҭ ȁҬ ȁҌҤ 5ҩ ‰ ᵝ ṿ̆
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 2-8~  2-13Ȃҹ ̆ ᵣ ҹľQYL ĿȂ 

 2-7 ₀ ᴆ ⅞№ ‰ 

  ᴆ ᴴ ’ ḱ ’ 
₀  

ṿ 

 

ṿ 

 
ᴆḠ

 

֟ ̆
 

Ҍ ḱ ̆ ᶏ

 
0.002 fy/Es 

 

₮

̆ᵖ ⌠

 

₀ Ḡ

̆ ̆

ᵩ ԍ1mm 

ᴆ

ḱ  

0.004 0.015 

Ҭ

 

ᴆ ԍ ḱ

 

₀ Ḡ ▫ ̆

₀ ̆

ᵩ 1~ 2mm 

ⱴ

ⱴ

̆Ҍ

ᶏ ⱳ  

0.005 0.030 

Ҭ

 

₮

̆ⱳ ̆ᵖ

ḱ └

 

̆ ₀

̆ ᵩ > 

2mm 

ḱ ԍ

 

Ůcu<0.020 

( 0.015) 
0.6Ůsu<0.050 

ҌҤ

 

ᴆҤ ᵖҌ

ṕ ̆ Ḡ

̆ⱳ Ҥ  

̆

₀  
ᴆ 1.5Ůcu 0.9Ůsu<0.080 

 

2.2.3.1 RC ᵣ ẅ 

 2-8 RC ∞ ‰ 

∞ ‰  ◄  ◄℗  

ɚÒ2 m<0.5ғmĿɜ<0.8 m <0.9ғmĿɜ<2 ῒ  

2<ɚÒ4 m <0.5ғɜ<1.2 ῒ  m>0.9ɜ>2.4 

ɚІ4.0 ῒ  1> mғɜ>1.2 m>0.9mĿɜ>1.5 

̔ɚҹ◄ ̆mҹ ◄ ̆ Ὲ ҹm=Mu /(VuH)̆ ῒҬMu Vu№≢ҹ ₀

◄ ⱬ̆Hҹ ᴆ Ȃɜ ӈ◄ ⱬ̆ Ὲ ҹɜ=Mu/(Hbh0)̆ ῒҬbҹⱴ

̆h0ҹⱴ Ȃ 

 

 2-9 RC ᵝ ṿ 

i    Ҭ  Ҭ  ҌҤ  

◄  ∞ ‰      

ɚÒ2.0 m <0.5ғmĿɜ<0.8 0.003 0.005 0.009 0.016 0.028 

2<ɚÒ4.0 m <0.5ғɜ<1.2 0.004 0.003 0.011 0.012 0.020 

ɚІ4.0  0.008 0.003 0.0015 0.025 0.025 

ii◄       

◄  ӈ ⱬ       

mÒ0.5 ɜÒ0.5 0.003 0.010 0.015 0.020 0.025 

mÒ0.5 ɜÓ1.0 0.003 0.005 0.010 0.015 0.020 

mÓ0.8 ɜÒ0.5 0.003 0.005 0.010 0.015 0.020 

mÓ0.8 ɜÓ1.0 0.003 0.003 0.005 0.010 0.015 
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 2-9 RC ᵝ ṿ̂ ̃ 

iii◄℗    Ҭ  Ҭ  ҌҤ  

◄  ◄      ⱬ └ 

mÒ0.7 
ɚÒ2.0 

̇ ̇ ̇ ̇ 0.005 

mÓ1.0 ̇ ̇ ̇ ̇ 0.003 

mÒ0.7 
2.0<ɚÒ4.0 

̇ ̇ ̇ ̇ 0.007 

mÓ1.0 ̇ ̇ ̇ ̇ 0.004 

mÒ0.7 
ɚ̘ 4.0 

̇ ̇ ̇ ̇ 0.008 

mÓ1.0 ̇ ̇ ̇ ̇ 0.005 

̔1.Ҭᾛ ṿ ⌠ ᵝ ṿ̕2.Ҭ ȁ ◄ Ҋ ᵝ ṿ ◄

℗ Ҋ ᵝ ṿҹ ᵝ ̆ῒᵩ ᵝ ṿҹ ᵝ ̂ ᵝ ⁞ ᵝ

̃̕ 3.Ҭṿ ҹ ṿ⁞ ѿṐ ‰ ⌠̕4.Ҭ ҹ Ȃ 

2.2.3.2 RC ᵣ ẅ 

 2-10 ᴆ ∞ ‰ 

 ∞ ‰↕ 

◄℗  
ɚÒ2ғ m̘ 0.8 

2̖ ɚÒ4ғmÓ1.5 

◄  
ɚÒ2ғ m̖ 0.8 

2̖ ɚÒ4 ғ0.7Òm̖ 1.5 

 
2̖ ɚÒ4 ғ m̖ 0.7 

ɚ̘ 4ғ m̖ 1.2 

̔ɚҹ◄ ̆mҹ ◄ ̆ Ὲ ҹm=Mu/VuH̆ ῒҬMu Vu№≢ҹ ₀

◄ ⱬ̆Hҹ ᴆ Ȃ 

 

 2-11 RC ᵝ ṿ 

 ◄    Ҭ  Ҭ  ҌҤ  

i  

nÒ0.1 mÒ0.4 0.004 0.010 0.020 0.030 0.040 

nÒ0.1 mÓ0.6 0.004 0.006 0.015 0.025 0.030 

nÓ0.6 mÒ0.4 0.004 0.004 0.008 0.010 0.015 

nÓ0.6 mÓ0.6 0.004 0.002 0.005 0.008 0.010 

ii ◄  

nÒ0.1 mÒ0.4 0.003 0.010 0.015 0.025 0.035 

nÒ0.1 mÓ0.6 0.003 0.005 0.008 0.020 0.025 

nÓ0.6 mÒ0.4 0.003 0.003 0.006 0.008 0.015 

nÓ0.6 mÓ0.6 0.003 0.002 0.005 0.007 0.010 

iii ◄℗  

nÒ0.1 mÒ0.4 ̇ ̇ ̇ ̇ 0.008 

nÒ0.1 mÓ0.6 ̇ ̇ ̇ ̇ 0.007 

nÓ0.6 mÒ0.4 ̇ ̇ ̇ ̇ 0.005 

nÓ0.6 mÓ0.6 ̇ ̇ ̇ ̇ 0.004 

̔1.Ҭᾛ ṿ ⌠ ᵝ ṿ̕2.Ҭ ȁ ◄ Ҋ ᵝ ṿ ◄

℗ Ҋ ᵝ ṿҹ ᵝ ̆ῒᵩ ᵝ ṿҹ ᵝ ̂ ᵝ ⁞ ᵝ

̃̕ 3.Ҭṿ ҹ ṿ⁞ ѿṐ ‰ ⌠Ȃ4.Ҭ ҹ Ȃ 
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2.2.3.3 RC◑Ⱶ ᵣ ẅ 

 2-12 RC◄ⱬ ⅞№ ‰ 

 ∞ ‰ 

◄℗  

ɚ̖ 1.5  

ɚÓ1.5 m̘ 0.9 

1.5Òɚ̖ 2.0 mÒ0.9ғ ɟ̘ 1% 

◄  

1.5Òɚ̖ 2.0 mÒ0.9ғɟÒ1% 

2.0Òɚ̖ 2.5 mÒ0.9ғ1%̖ ɟÒ4% 

2.5Òɚ̖ 3.5 0.7̖mÒ0.9ғ3%̖ ɟÒ4% 

 

2.5Òɚ̖ 3.5 mÒ0.9ғɟÒ3% 

2.5Òɚ̖ 3.5 mÒ0.7ғ3%̖ ɟÒ4% 

ɚÓ3.5 mÒ0.9ғɟÒ4% 

̔ɚҹ◄ ̆mҹ ◄ ̆ Ὲ ҹm=Mu/VuH̆ Mu Vu№≢ҹ ◄ ⱬ̆ɟ

ҹ◄ⱬ Ȃ 

 

 2-13 RC◄ⱬ ᵝ ṿ 

 ◄    Ҭ  Ҭ  Ҥ  

i Ҋᵝ ṿ       

Ò0.1 Ò0.3 0.0025 0.004 0.008 0.015 0.020 

Ò0.1 Ó0.6 0.0025 0.003 0.007 0.012 0.018 

Ó0.25 Ò0.3 0.0025 0.002 0.005 0.009 0.015 

Ó0.25 Ó0.6 0.0025 0.001 0.004 0.007 0.010 

ii ◄ Ҋᵝ ṿ       

Ò0.1 Ò0.3 0.0025 0.003 0.007 0.013 0.018 

Ò0.1 Ó0.6 0.0025 0.002 0.005 0.012 0.015 

Ó0.25 Ò0.3 0.0025 0.001 0.004 0.008 0.010 

Ó0.25 Ó0.6 0.0025 0.001 0.003 0.006 0.008 

iii ◄℗ Ҋᵝ ṿ      

◄℗ ₮ҹ ᵝ  0.003 0.004 0.005 0.006 0.010 

̔1. Ҭᾛ ṿ ⌠ ᵝ ṿ̕2. Ҭ ȁ ◄ Ҋ ᵝ ṿ ◄

℗ Ҋ ᵝ ṿҹ ᵝ ̆ῒᵩ ᵝ ṿҹ ᵝ ̕3. Ҭṿ ҹ ṿ⁞ ѿṐ

‰ ⌠̕4. Ҭ ҹ Ȃ 

 

 2-7 ӈ ̆QYL ̂ 1̃ ҹ ᴆ

̆ ᵝ ṿҹ ᵝ ̕ҌҤ ̂ 5̃ ҍ ᴆ

ⱬ ̕QYL ₮ҍ ᴆҦ ⱬ ᵝ ṿȂ 

2.2.4 Ғ ᵩ ᴍ 

2.2.4.1 ᴌ  

ᵣ ᴆ ṿ Ҍ №≢ ₮Ȃ 

̂1̃ ASCE/SEI 41-13 RC ȁ ◄ⱬ № Ҍ ѿ̆ῒҬRC



ᵝ  

24 

◄℗ ⱬ № ̂  2-3̃̆RC◄ⱬ ↕ ◄ № ̆ᵖ ASCE/SEI 41-13 ₮

RC ΐᵣ⅞№ ̆ᶏ Ҭ Ҍ Ȃ 

̂2̃ EC8-3 RC ᴆ ѿ⅞№ҹ ◄ ̆ ₮ԅ RC ȁ ◄ⱬ

ṿ ѿ Ὲ ̆ᵖEC8-3 ₮ ◄ RC ᴆ ΐᵣ⅞№ ̆ᶏ

ṿ Ҭ Ҍ Ȃ 

̂3̃ QYL RC ȁ ◄ⱬ ѿ⅞№ҹ ȁ ◄ ◄℗҈

ȂῒҬ̆RC ⅞№ ‰̂  2-8̃ Һ ҹ◄ ɚȁ ◄ m

ӈ◄ ⱬ ɜ̆ ᵖ ӈ◄ ⱬ ѿҩ ↨ ̆ᶏ  2-8 ⅞№

Ҍ R̕C ⅞№ ‰̂  2-10̃Һ ҹ◄ ɚ ◄ m̆

ᵖ  2-10Ҍ ̆ №RC  2-10₮̆ ɚ ԍ4ғm

ԍ 1.2RC ȂRC◄ⱬ ⅞№ ‰̂  2-12̃Һ ҹ◄

ɚȁ ◄ m ð̆  2-12ӞҌ ̆ №RC◄ⱬ

 2-12₮̆ ɚ 1.5ҍ2.0ӊ ̆ғm ԍ0.9RC◄ⱬ Ȃ 

2.2.4.2  

EC8-3 ѿץ ᴆ ᵬҹ RC ᴆ ȂQYL ץ

ҹ ̆ ᴆ ᵝ ץ̆ ᴆ ᵝ ᵬҹ ȂASCE/SEI 41-

13Ҍ ᴆ Ҍ ѿ̆ ԍRC ȁRC ◄ⱬ ̆

ᵬҹ ̆ ԍ◄ ◄ⱬ ̆ ᵝ ᵬҹ Ȃ 

2.2.4.3 ῗ  

҉ץ ᵣ ̆ASCE/SEI 41-13ȁEC8-3 QYL ᴆ

ṿ Ҍ 3ҩ῏ └̔ 

̂1̃ ῒ̆ ̔ ᴆ ̆ ԍ

ᴆҹ ̕ 

̂2̃ ⱬ ῒ̆ ̔ ᴆ ⱬ ̆

Ḡ ⱬ̕ 

̂3̃ Ҧ ⱬ ̂ᶷ ⱬ ⱬ̃̆ ῒ ̔ ԍ

ᴆ̂ ѿ ◄ⱬ ̆ Ӟ ᶷ ̃̆Ҧ ⱬ̆

ᴆṕ ̕ ԍ ᴆ̂ ѿ ̃̆ ᶷ ⱬ Ҧ Ҥ Ҧ ̆

ᶷ ̆ ᴆṕ Ȃ 
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ASCE/SEI 41-13ȁ EC8-3 QYL ῏  

2-6 ᴆ ӈⱬ-β Ȃ 

 

 2-6 ӈⱬ-β ῏  

̂1̃ QYL 1ҩ ̂ ȁ̃EC8-3 1ҩ ̂DL̃ ҹ ᴆ

̆ ASCE/SEI 41-13 1ҩ ̂IÕҹ ᴆ ֟ ԅ

ѿ Ȃ 

̂2̃ QYL 5ҩ ̂Ҥ ȁ̃EC8-3 2ҩ ̂NC̃ȁ

ASCE/SEI 41-13 2ҩ ̂LS̃ҹ ᴆ ⱬ Ȃ 

̂3̃ ASCE/SEI 41-13 3ҩ ̂CP̃ ҹ ᴆҦ ⱬ ̆

EC8-3 ҍQYL ₮ҍҦ ⱬ Ȃ ᴆ Ҧ ⱬ̆

ᴆҌᴪ ṕ ̆ ̆ ⱬ ⱴҦ ⱬ ᵬҹ

ṿ ṿ̆׆ ҩ ̆EC8-3 QYL └ ԍҤ Ȃ 

2.2.4.4 ẅ  

ASCE/SEI 41-13 EC8-3 Һ ԍ ᴆ ⱬ- ӈ̆

ṿ ȂQYL Һ ԍԊᾢ

ṿ̂  2-7̃ ӈ̆ ԍ Ҭ ᴆ ̂

₀ ̃ ‰ץ ̆ ῒ ̆ ῒ⌠ Ҭ ̆

̆ ̆ ̆ Ȃ 

2.3 RC ᴌ Ὶ  

2.2 ASCE/SEI 41-13ȁEC8-3 QYL RC ᴆ ṿ ԅῃ

̆№ ԅ ֓ ᴆ ȁ ‰ ӈȁ
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ṿ Ҍ Ȃ ֓ ̆

῏ ̆ ₮ RC ᴆ ṿ ѿ Ȃ 

2.3.1 ᴌ ‼ ↔ⅎ 

ȇ ₀ ȈJGJ3-2010[78]̂ 2010ȇ Ȉ̃

№ҹAȁBȁCȁD ҩ ̆ ‰№ҹ1ȁ2ȁ3ȁ4ȁ5

ԓҩ ̆ ₮ ҩ ‰ ᴴ ∞≢‰↕̆  2-14 Ȃ 

 2-14 ‰  

‰ 
 

ᵝ 
ᶏ  

῏ ᴆ ᴆ ᴆ 

1 ȁ     Ҍ ḱ ᶏ  

2 
ȁ

 
   ⱴḱ ᶏ  

3    
ȁ №Ҭ

 
ѿ ḱ ᶏ  

4 Ҭ   
№ ᴆ Ҥ

 

Ҭ ȁ №

Ҥ  
ḱ ⱴ ᶏ  

5 Ҥ  Ҭ  
№ ᴆ Ҥ

 
Ҥ  ḱ 

 

 2-14̓̀ ₮ԅ 5ҩ ᴆ ᴴ ̔ ȁ ȁ ȁҬ ȁ

Ҥ ȂῒҬΐ ҹ ӈ ľ Ŀ ľ Ҥ Ŀ Ȃ 

ԍľ Ŀ ̆ ץ ҹ Ҋ̆ ᴆ Ḡ ̆

ҹ ᴆ ̕ ԍľ Ҥ Ŀ̆ 2010ȇ Ȉ ₮̆ ᵬ Ҋ

5 ‰ ̆ Ҥ ̆ᵖҌ ԍṕ Ҥ Ȃ

ԍ ᴆ ṕ Ҥ ֟ ῃ̆ ̆ ҹ Ҥ ҹ ⱬ

20%̆ ľ Ҥ ĿҊ̆ ᴆ ṕ ̆ ᴆׅ ̆ ῃ ᶷ

ⱬ̕ҹ Ḃ ṕ ᵀ̆ 5ҩ ᴆ ᴴ ⱴľҤ Ŀ ľṕ Ŀ

ңҩ ̆ῒҬ̆ ᴆҤ ᴆҦ ⱬ̂ ⱬ Ҧ

ᶷ ⱬ̃̆ ̆ ṕ Ȃ 

ҹ ̆ ᴆ ⅞№ҹľ Ŀȁľ Ŀȁľ ĿȁľҬ

Ŀȁľ Ҥ ĿȁľҤ Ŀ ľṕ Ŀ7ҩ̆  2-7 ȂῒҬ̆╠6ҩ

6ҩ ̆ ṿ ҹ ᴆ ṿȂ 

 

 2-7 ᴆ ⅞№ 
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2.3.2 ᴌ  

ᴆ ᴆ ̆ ҍ ᴆ ῏

Ȃ ᴆ ᵝ ȁ ̆ 2.2.4.2Ȃ

ԍ◄ ᴆ̆ ̆ ᴆ ҍ ᵝ

̂ ᴆ ᵝ ⁞ ᴆ ᵝ ̃ ̕ ԍ◄ ◄℗

ᴆ̆ ◄℗ └̆ ᵝ ҍ ᴆ◄℗ ῏ Ȃ ԍ

◄ Ҭ ᴆ̆ ᴆ ◄ └̆ῒ◄℗ ̆

ᵀ ᴆ Ҍ ̆ ᴆ ᵝ ◄℗ ̆

ҍ ᴆ Ȃ ̆  2-5̂ ã ̆ ԍ ᴆ̆ᵝ

Ȃ ԍ ᴆ ᴆ ṿ̆ғ ⌠

Ҍ ᴴ̆ҹ ̆ ѿץ ᵝ ᵬҹ ᴆ Ȃ 

2.3.3 ᴌ ẅ ҅  

╠ ̆ RCץ ᴆ ᵝ ᵬҹ ῏3ҩץ̆

̂2.2.4.3̃ҹ ̆ ԍ ᴆ ⱬ-β ₮ 6ҩ ‰ᵝ ṿ

ӈ ̆  2-8 Ȃ  2-8Ҭ ҹ ᵬ Ҋ ᴆ ⱬ-β

̆ ҹ ᴆ ᵝ ̆ ҹᶷ ⱬȂ 

 

 2-8 RC ᴆⱬ-β  

ľ Ŀ ᵝ ṿ ӈҹ ӈ ᵝ Ȃ  2-8 ̆

0.7Vmax ◓ ҍ ṿ ⱬ Vmax ֜ԍѿ ֜׆̆ Ạѿ ̆

ҍ ᴆ ⱬ-β ֜ ҹ ̆ ᵝ ɗ1

ҹ 1 ᵝ ṿȂ 1 ӈ [79]Ȃľ Ŀ

ӈ ᴆ ԍ ̆ Ҍ ḱ ᶏ ľ̆ Ŀ ̂ 1̃
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ҍ2.2.4.3῏ 1 ѿ Ȃ 

ľ Ҥ Ŀ ᵝ ṿ ҹ ⱬҊ 20% ᵝ Ȃľ

Ҥ Ŀ ӈ ᴆ ᶷ ⱬ₮ ̆p ׅ ̆

Ҍ ṕ Ȃ ԍ ᶷⱬ ᴆ̆ ᴆ ᶷ ⱬ Ҥ Ҧ ̆

Ῥ ᶷⱬᵣ ᶫ ̆p ׅ Ҍ̆ ṕ Ȃľ Ҥ

Ŀ ̂ 5̃ ҍ2.2.4.3῏ 2 ѿ Ȃ 

ľҤ Ŀ ᵝ ṿ ӈҹ ᴆҦ ⱬ ᵝ ̆

Ҭ ᴆ Ҧ ⱬ ᴆҌ ↕̆ ⱬҊ

50% ᵝ Ȃ ⱬҊ 50% Ҍ ῃҦ ᶷ ⱬ

̆Һ ̔ ᴆ ᶷ ⱬҊ ṿ 50%̆ ᴆ Ҥ ̆ ᴆ

ⱬ ȂľҤ Ŀ ̂ 6̃ ҍ2.2.4.3

῏ 3 ѿ Ȃ 

ľ Ŀȁľ Ŀ ľҬ Ŀ ᵝ ṿ№≢ ҹľ Ҥ

Ŀ ᵝ ṿ 0.25Ṑȁ0.50Ṑ 0.75Ṑ̆ Ὲ ҊȂ 

 2p 5 1=0.25( )q q q-  (2-8) 

 3p 5 1=0.50( )q q q-  (2-9) 

 4p 5 1=0.75( )q q q-  (2-10) 

ľ̆ Ŀ ̂ 1̃ȁľ Ҥ Ŀ ̂ 5̃

ľҤ Ŀ ̂ 6̃ ӈΐ ҹ ⱬ ӈȂ ↕҉ ľ̆

Ŀȁľ Ŀ ľҬ Ŀ ᴆ ᴴҍḱ ’̂

ȁ № ȁ ₀ ’̆ḱ ̃ ӈ̆ᵖ ԅ ԍ

1 5 № ӈ̆ ԍ Һ Ҋ₃ ̔ 

̂1̃ ᴆ ⱬ-β ᴆ ᴴ ̆ᵝ ׆ ⌠ ̆ ᴆ

ⱴ ľ̆ Ŀ ̂ 1̃ ľ Ҥ Ŀ ̂ 5̃

҉ ľ Ŀ ľ Ŀ̆ └ԅ ң ԍ ԅ ҩ ᴆ ᴴ Ȃ 

̂2̃ ᴆ ȁ № ΐᵣ ȁ ₀ ’ ΐ

̆ғ ֓ ֲ ת ᶏ ῏̆ ₮ ̆

֓ ӈ ᴆ ṿ № ̆ ᵞȂ ғ

№ ֓ ̆ ץ ֓ Ȃ
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ᴆ ȁ№ ₀ Ḥ Ҭ ᵬ Ȃ 

̂3̃ ľ Ŀ ̂ 1̃ ľ Ҥ Ŀ ̂ 5̃

№ Ҭ ̆ ֓ ҍ

῏ ̆ Ҭ ᴆ ᴴ ’Ȃ Ȃ 

҉ץ ̆ ₮ RC ᴆ ⅞№ ‰̆  2-15 Ȃ

ԍ  2-15Ҭľ--Ŀ ḱ ’̆ RC ȁ ◄ⱬ

ᾟ ̆ΐᵣ ԓ ȁ ҂ Ӝ Ȃ 

 2-15 RC ᴆ ⅞№ ‰ 

‰  ḱ ’ ᵝ ṿ 

  Ҍ ḱ ̆ ᶏ  ɗ1 

 -- -- 
2p 5 1=0.25( )q q q-  

 -- -- 
3p 5 1=0.50( )q q q-  

Ҭ  -- -- 
3p 5 1=0.75( )q q q-  

Ҥ  ⱬ Ҍ 20% -- 5pq  

Ҥ  
ᶷ ⱬҤ ᵖҌṕ ̆ 

ׅ ̆ ⱬ Ҍ 50% 
ᴆ 6pq  

 

2.4 ῗ ẅ ῗ  

ᵣ 3ҩ῏ ӈⱬ-β Ҭ ᵝ  2-9 Ȃ ԍ

3ҩ῏ ᵣ ῍ ̆ ṿ Ҭ̆

ᵣ ῏ ṿ ṿҍ ṿ ̆ҹ Ḃ Ҋץ̆ ѿ

₮ ᵣ ῏ ṿ ṿҍ ṿ ῏ ̆  2-16 Ȃ

Ҭľ[ ]Ŀ ῤ ◄ ᴆ ṿ ľ̆̇Ŀ ᵣ ₮ ṿȂ 

 

 2-9 RC ᴆ ⱬ-β ῏  
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 2-16 ῏ ṿ ṿҍ ṿ ῏  

῏  ᵣ   ṿ ṿ 

῏ 1 

ASCE/SEI 41-13 ӈ  Ὲ (2-11) [g] ɗey 

EC8-3 DL yqῈ (2-4) [̇] ɗey 

QYL  ɗ1 ɗey 

  ɗ1 ɗey 

῏ 2 

ASCE/SEI 41-13 LS a [d] (ɗ0.2-ɗey) [ɗ0.2] 

EC8-3 NC 
pl

umq Ὲ (2-7) [̇] (ɗ0.2-ɗey) [̇] 

QYL Ҥ  ɗ5p[ɗ5] (ɗ0.2-ɗey) [ɗ0.2] 

 Ҥ  ɗ5p (ɗ0.2-ɗey) 

῏ 3 

ASCE/SEI 41-13 CP b [e] 
(ɗ0.5-ɗey)  (ɗaxialfailure-ɗey) 

[ɗ0.5]  [ɗaxialfailure] 

EC8-3 ̇ ̇ ̇ 

QYL ̇ ̇ ̇ 

 Ҥ  ɗ6p (ɗ0.5-ɗey)  (ɗaxialfailure-ɗey) 

 

ԍ RC ᴆ̆ASCE/SEI 41-13 ₮ ӈ ṿ̆

ԍ ₮ RC ᴆ ↨ effEI Ὲ (2-11) ᴆ ᵝ

ᵬ̆ҹASCE/SEI 41-13̓͂ 1 ṿ ṿȂ ԍ RC

↨̆ASCE/SEI 41-13 ҹ
g g0.4E I ̕ ԍRC ↨ ̆ASCE/SEI 41-13

̆ ⱬ ԍ g c0.5A f '
g g0.7E I ̆ ԍ g c0.3A f '

g g0.3E I Ȃ 

 

2

y y

ef

y

f eff

=
3 3

F L M L

EI EI
q =  (2-11) 

 

 2-10 RC ᴆ῏  
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 2-16Ҭ3ҩ῏ ṿ ṿ̂ɗeyȁɗ0.2ɗ0.5̃ ҍ

1ȁ 5 6 ṿ ̆ ṿ ᵝ ̆

 2-10 Ȃ 

 2-10Ҭ ҹ ᴆ ⱬ-β ̆ ҹ ᴆ ᵝ ̆

ҹᶷ ⱬȂ ᵀ ̆ ᵝ ҹɗey̆

ӈ [79]Ȃ ⱬ ᶷ ⱬҊ 20% ᵀ ̆

ᵝ ҹ ɗ0.2ȂҦ ⱬ ↕ Ҋץ ̔ Ҭ ̆

↕ ̆ ᵝ ҹɗaxialfailure̕ Ҭ ̆ №ᵞ

ᴆ Ҍ ⱬ RC ᴆ ̆↕ ᶷ ⱬ 50% ̆ ᵝ

ҹɗ0.5Ȃ 

2.5  

̂1̃ № ԅ ASCE/SEI 41-13ȁ EC8-3 QYL

̂ ╠ ₮̃ RC ᴆ ṿ ‰ ӈȁ

ṿ Ҍ Ȃ 

̂2̃ ῏ԍ ᴆ ‰ ῏ ̆ RC ᴆ

⅞№ҹľ Ŀȁľ Ŀȁľ ĿȁľҬ Ŀȁľ Ҥ ĿȁľҤ Ŀ

ľṕ Ŀ7ҩ ̆ ץ ᴆ ᵝ ҹ ̆ ԍ3ҩ῏ ̂

ȁ ⱬ Ҧ ⱬ ̃ ᴆ ⱬ-β ̆ ₮ RC

ᴆ ṿ ѿ ̆ҹ RC ȁ ◄ⱬ

ṿ ᶫ Ȃ ₮ RC ᴆ ṿ ѿ ҹ└ ԍ

RC ᴆ ṿ ᶫ ѿ ‰Ȃ 

̂3̃ҹḂԍ Ҍ ṿᵣ ̆ ₮ԅ ȁ

ASCE/SEI 41-13ȁ EC8-3 QYL 3ҩ῏ ṿ ṿҍ

ṿ ῏ Ȃ  
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Ҏ  RC ɻ ◑Ⱶ  

3.1  

ҹ RC ᴆ ṿ̆ Ὲ׆ ԅ ῤ 103ҩ

RC ȁ469ҩRC 236ҩRC◄ⱬ ᴆ ⱬ ̆ ԅ ᴆ

̆ ҹ RC ᴆ ṿ ᶫ

Ȃ ̆ ₮

Һ № Ȃ 

3.2 RC ᴌ  

ҹḂԍ ̆ RC ᴆ №ҹ҈ ̔ 

̂1̃  

ᶫ ̆ ᴆ ȁ ᴆ ⱴ ȁ

Ḥ ȁ ⱬ-β ȁ ᴆ Ȃ 

̂2̃  

̆ ᴆ ◄ ȁ ȁ ȁ

ⱬ Ȃ 

̂3̃  

Һ ⱬ-β ᴆ ⱬҍ Ȃ 

Ҋץ ҈ ׃ ̆ ₮ Һ № ’Ȃ 

3.2.1  

3.2.1.1 ₉ᵫ  

̂1̃ ᴆ  

RC ᴆ ̆ ᴆ ȁ ᴆ ◄̆ⱬ ȁ ȁ

ȁ Ȃ 

̂2̃  

aL ҹ ᴆ ҍ ҹ 0 ӊ Ȃ ԍ ⱴ

ᴆ̆ ᴆ ҹ ᴆ ̆ ԍ ⱴ ᴆ̆

↕ҹ ҩ ᴆ ѿ Ȃ 

3.2.1.2  

Һ dȁ ȁ ȁ fyȁ fuȁ ES
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₀ ᵣ fcuȁ fcȁ ftȁ ᵣ cf
¡ Ȃ 

₮̆ ῤ ̆ ԍ ῤ ̆ѿ

₮ ᵣ ṿfcŭ Ҭfcuҹ ṿ̆fcȁft cf
¡ fcu

̕ ԍ ѿ̆ ֽ ₮ ₀ ᵣ ṿ cf
¡̆

Ҭ cf
¡ҹ ṿ f̆cȁft fcu cf

¡ Ȃfcȁfcu cf
¡҈ ӊ [80]Ȃ 

3.2.1.3 ꜘ  

Ҭ ᴆ ҹᵞ ⱴ ̆ Ҭᵝ Ȃ 

̂1̃ ⱴ  

№ ᴆҌ ⱴ ⱬ̂ ᴆȁ № №◄ⱬ ᴆ̃̆ ԍ ⱴ ⱬ

̆ ҩⱴ Ҭ̆ ⱬḠ Ȃ 

̂2̃ ᶷ ⱴ  

Ҭ ҈ ᶷ ⱴ ̆ΐᵣ ̔ ̂Cantilever̆ף

C̃ȁ ̂Double curvaturĕף DC̃ ̂Double-Ended̆ף DẼ̆

 3-1 Ȃ Ҭ ⱬ-β ᴆ ₮̆ ᶷ

ṿ ⱬ-β Ȃ  3-1 ̆ ⱬ-β ҹ

ᴆ ⱬ̂V ̃ ᵝ ̂ D̃ ̆ ԍ ⱴ ᴆ̆ ᴆ

ҹ 0.5aL L= ̆ ᵝ Dҹ ᵝ ԋ№ӊѿ̆ᵝ ҹ a2 / L = / LD D Ȃ 

           

ã             b̃              c̃  

 3-1 ʊ ⱴ  

3.2.1.4 Ⱶ-r  

ԍ Ҭ № Ὲ׆ ℮ ᵝ ̆

̆ Ҭ ⱬ-β Ȃ
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ⱴ ѿ ṿᵝ ᶭ ̆  

3-2 Ȃ 3.2.1.3̆ ԍ ᴆ ⱬV ᵝ D ₮Ȃ 

 

 3-2 ᴆ ⱬ-β  

3.2.1.5  

Ҭ̆ RC ᴆ ⅞№ҹ ̂F̃ȁ ◄̂FS̃ ◄℗̂S̃ ҈

̆ ᴆ Һ ᶭ ᵬ ∞ ȁ ԍ ᴆ

ᶫ ᴆ Ȃ 

   

ã                  b̃ ◄                 c̃ ◄℗ 

 3-3 ῖ RC ᴆ  

ԍ RC ᴆ̆ ᴆ ץ ҹҺ̆ ֟ ̆ Һ

Ҭ ᴆ ̆ ₀ ▫ ̆ Ҥ Ȃ  3-3

̂ã ҹῖ ᴆ Ȃ 

ԍ ◄ RC ᴆ̆ ̆Һ ץ ҹҺ̆ ̆

-300

-200

-100

0

100

200

300

-80 -60 -40 -20 0 20 40 60 80

V
 (
k
N

)

Ƕ (mm)
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̆₮ ֜ ̆ ᴆ ₀ ▫ Ҥ ̆

̆ғ₮ ֜ Ȃ  3-3̂ b̃ ҹῖ ◄ ᴆ Ȃ 

ԍ◄℗ RC ᴆ̆ ̆ѿ ’Ҋ̆ ᴆ֟ ᴆ ̆

̆ Ȃ  3-3̂c̃ҹῖ ◄℗ ᴆ Ȃ 

3.2.2  

3.2.2.1 ꜘ 0h  

RC ȁ ⌠ Ҭ ȂRC◄ⱬ

0.8Ṑ Ȃ 

3.2.2.2 ғ  

◄ⱬ ҍ Ὲ bh

h
ῒ̆Ҭ̆ bh ҹ ̆

hҹ◄ⱬ Ȃ 

3.2.2.3 ◑  

◄ Ὲ ҹ 0 0/ /aL h M Vhl= º ̆ῒҬ̆ aL ҹ ᴆ ̆ 0h ҹRC

ᴆⱴ ̆M V №≢ҹ ᴆ ◄ⱬȂ 

3.2.2.4  

ѿ ̆ c/P Af¡
c/P Af ̆ῒҬ̆Pҹ ⱴ

ⱬ̆ cf ҹ ̆ cf
¡ҹ ᵣ Ăҹ ᴆ Ȃ

c/P Af¡Һ ԍ ̆ c/P Af ҹ Ȃ 

3.2.2.5 Ⱶ 

RC ᴆ ⱬ nM └ № Ȃ ҹ

₀ ̆ῒҬ̆ ѿ ⅞№ѿҩ ̆ ₀ └

Ҍ ԍ20mm 20mm³ ⅞№Ȃ ₀ ⱬ- ῏ ȇ ₀

ȈGB 50010-2010[81]̂ 2010ȇ Ȉ̃ ⱬ- ῏ ̆ ₀

cf Ҍ̆ ₀ ᵬ ₀ ᵬ ̆

₀ 0.004Ȃ ̆

yf ̆ Ẋ ҹ0.002̆Ҍ ᵬ ̆ 0.1Ȃ 
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3.2.2.6 ◑ Ⱶ 

̂1̃ RC ȁ  

RC ȁ ◄ ⱬ
nV 0V ȂῒҬ̆ 0V ҹ ₀ ACI 318-14[77]

RC ӈ ◄ ⱬȂ
nV ҹ ₀ ̂GB 50010-2010̆6.3.12̃[81]

◄ ⱬ̆ Ὲ (3-1) Ȃ 

 sh
n t 0 yh 0

1.75
+ +0.07

+1

A
V f bh f h N

sl
=  (3-1) 

ῒҬ b̔ҹ ᴆⱴ ̕ 0h ҹ ̕ yhf ҹ ᴆⱴ

ṿ̕ tf ₀ ̕ N ҹ ⱴ ⱬ̆ N ԍ

c0.3f A ̆N
c0.3f A̕Aҹ ᴆ ῃ ̕lҹ ᴆ ◄ ̆l ԍ1 1̆

l ԍ3 3̕ sҹ ᴆ Ȃ 

̂2̃ RC◄ⱬ  

RC◄ⱬ ◄ ⱬ
nV n,ACIV ȂῒҬ̆ n,ACIV ҹ ACI 318-14[77]

ӈ ◄ ⱬ̆
nV ҹ 2010ȇ Ȉ ◄ ⱬ̆ (3-2) Ȃ 

 w sh
n t w 0 yh 0

1
0.5 0.13 +

-0.5
w w

A A
V f b h N f h

A sl

å õ
= +æ ö

ç ÷
 (3-2) 

ῒҬ̔ wb ҹ◄ⱬ ̆ ԍ ◄ⱬ ◄ⱬ ̕ 0wh ҹ◄ⱬ

̕
yhf ҹ◄ⱬ № ̕ N ⱴ

ⱬ̆ N ԍ t w 00.2 wf b h ̆ t w 00.2 wf b h ̕ Aҹ◄ⱬ ῃ ̆ wA ҹT

I ◄ⱬ ̆ A̕lҹ◄ⱬ ◄ ̆l ԍ 1.5

1.5̆l ԍ2.2 2.2̕sҹ◄ⱬ № Ȃ 

3.2.2.7 ◑  

◄ Ὲ p n

0 n a

V M
m

V V L
= = Ȃ 

3.2.2.8 ӎ◑  

ӈ◄ Ὲ n a n

ck 0 ck 0

min( / , )M L VV

f bh f bh
= ̆ῒҬ̆bҹ ᴆⱴ

̆ 0h ҹRC ᴆⱴ Ȃ 
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3.2.2.9 ◑⅓ Ⱶ  

◄℗ ⱬ Ὲ p n

0 0 a

V M

V V L
= ῒ̆ ҍ ◄ ᵌ Һ̆ ԍ Ȃ 

3.2.2.10 ӎ◑ Ⱶ  

RC ȁ ӈ◄ ⱬ Ὲ
p a 0

c c

min( / , )

w w

M L VV

b d f b d f

=
¡ ¡

̆ῒ

Ҭ̆bҹ ԍ RC ȁ ⱴ ̆dҹ RC ȁ ⱴ

̆ ⌠ Ҭ ȂRC◄ⱬ ӈ◄ ⱬ Ὲ

p a n,ACI

c c

min( / , )

w w w w

M L VV

t l f t l f

=
¡ ¡

̆ῒҬ̆ wt ҹ ̆ wl ҹ Ȃ 

3.2.2.11 a 

RC Ὲ (3-3) ̆Ὲ ӈ  3-4 Ȃ 

 

 3-4 a 

 

( )
2

1 c c

l

1 1 1
6 2 2

0
1

n i

i c c

w s s

b d b d

a
r

=

å õ¡
å õå õæ ö ¡ ¡

- - -æ öæ öæ ö
ç ÷ç ÷æ ö

ç ÷= ²
-

ä

 (3-3) 

ῒҬ̆ cb cd №≢ҹ Ҭ ₀ ңҩ ̕s¡

ҹ ‪ ̕nҹ ̕ iw¡ҹ iҩ ҍ ӊ ‪ ̕ lrҹ

Ȃ 

3.2.2.12 ẅ 

ᴆ ṿ Ὲ y

v volume

c

f

f
l r= ̆ῒҬ̆

yf ҹ
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̆ cf ҹ ₀ ̆ volumer ҍ ᴆ ῏Ȃ ԍ RC ȁ

ᴆ̆ volumer ҹ ᴆ ᵣ ̆ ԍ◄ⱬ ᴆ̆ volumer ҹ◄ⱬ ᵣ ̆

vlҹ◄ⱬ ṿȂ 

3.2.2.13 ẅ val 

RC ṿҹ ҍ ṿ ӗ ̆ ӈҹ valȂ 

3.2.2.14  

№ ᶫ Ḥ ⌠Ȃ ԍRC ȁ ᴆ̆Һ

ⱴ trȁᵣ volumer ῃ lr Ȃ ԍ

RC◄ⱬ ᴆ̆Һ № hrȁ № vrȁ◄ⱬ

ᵣ volumer ◄ⱬ lrȂ 

3.2.3  

№ Һ ԋ ₮ RC ᴆ ѿ ̂

2.3.3̃ ᴆ ᵝ ṿ ȂҺ ñ ò ̂ 1̃ȁľ

Ҥ Ŀ ̂ 5̃ ľҤ Ŀ ̂ 6̃ ᵝ ṿ̆ 1qȁ 5qȁ

5pq ȁ 6q 6pq Ȃ 2.3.3̆ ᴆ ⱬ-β 1qȁ

5q 6q̆ ᵝ №≢ Ὲ
5p 5 1=q q q- 6p 6 1=q q q- Ȃ ԍ

ңҩ ̆ ̆ Ҍ ’ 1qȁ 5q 6q ṿ ↕ᵬץҊ

Ȃ 

3.2.3.1 1q ẅ 

1q ңҩ ᵝ ṿ ṿ ῒ̆Ҭ ᵝ ṿ

ԋ ׃2.3.3 Ȃ 

3.2.3.2 5q ẅ 

̂1̃ ⱬ-β ⱬ 20%̆ ↕ 5q ңҩ

ᵝ ṿ̆ Ὲ (3-4) Ȃ 

 
+ + - -

0.8 y 0.8 y

5

a a

- -
=0.5 +

L L
q

å õD D D D
æ öæ ö
ç ÷

 (3-4) 

ῒҬ̆ +

yD
-

yD№≢ҹ ᵝ ṿ̆ +

0.8D
-

0.8D №≢ҹ
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ⱬ 20%β ṿ̆ aL ҹ ᴆ Ȃ 

̂2̃ ⱬ-β ֽ ѿҩ ⱬ 20%̆ ↕ 5q ṿץ

ⱬ 20% ҹ‰Ȃ 20%̆ ↕ 5q Ὲ (3-5) ̆

20%̆ ↕ 5q Ὲ (3-6) ̆ Ҭ ӈҍῈ (3-4)ѿ Ȃ 

 

+ +

0.8 y

5

a

-
=

L
q
D D

 (3-5) 

 

- -

0.8 y

5

a

-
=

L
q
D D

 (3-6) 

̂3̃ ⱬ-β ңҩ Ҍ ⱬ 20%̆ ↕ 5q Ὲ (3-7) ̆

Ҭ +

maxD -

maxD №≢ҹ ᵝ ṿ ῒ̆ᵩ ӈ

ҍ (3-4)ѿ Ȃ 

 
+ + - -

max y max y

5

a a

- -
=max

L L
q

å õD D D D
æ öæ ö
ç ÷

̆  (3-7) 

3.2.3.3 6q ẅ 

̂1̃ Ҭ ᴆ ̆ 6q ᵝ ̆ (3-8) ̆

ῒҬ axialD ҹ ᴆ ᵝ ̆ aL ҹ ᴆ Ȃ 

 axial
6

a

=
L

q
D

 (3-8) 

̂2̃ ᴆ ̆ғⱬ-β ⱬ 50%

̆↕ 6q ңҩ ᵝ ṿ̆ Ὲ (3-9) Ȃ 

 
+ + - -

0.5 y 0.5 y

6

a a

- -
=0.5 +

L L
q

å õD D D D
æ öæ ö
ç ÷

 (3-9) 

ῒҬ̆ +

yD
-

yD№≢ҹ ᵝ ṿ̆ +

0.5D
-

0.5D №≢ҹ

ⱬ 50%β ṿ̆ aL ҹ ᴆ Ȃ 

̂3̃ ᴆ ғ̆ⱬ-β ֽ ѿҩ ⱬ 50%

̆↕ 6q ṿץ ⱬ 50% ҹ‰Ȃ 50%̆ 6q

(3-10) ̆ 50%̆ 6q (3-11) ̆ Ҭ ӈҍ (3-9)ѿ Ȃ 

 

+ +

0.5 y

6

a

-
=

L
q
D D

 (3-10) 
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- -

0.5 y

6

a

-
=

L
q
D D

 (3-11) 

̂3̃ ⱬ-β ңҩ Ҍ ⱬ 50% ̆↕ 5q (3-12)

̆ Ҭ +

maxD -

maxD №≢ҹ ᵝ ṿ̆ῒᵩ

ӈҍ (3-9)ѿ Ȃ 

 
+ + - -

max y max y

6

a a

- -
=max

L L
q

å õD D D D
æ öæ ö
ç ÷

̆  (3-12) 

3.3 RC  

RC 103ҩ׆Ὲ ℮ ᵝ RC

ᴆȂRC Ҭ ᴆ Һ №  3-1 ̆

Һ №  3-5 R̆C ῏ 1Ȃ  3-1Ҭ̆

ckf ҹ ‰ṿṿ̆lҹ◄ ̆ tr lr№≢ҹ

̆ vlҹ ṿ̆mҹ ◄ ̆ ck 0/V f bhҹ ӈ◄ Ȃ 

 3-1 RC  

   ckf /MPa l tr / % lr/ % vl  m  ck 0/V f bh  

1~3 3 [82] 22.53~29.36 3.09 0.34~0.87 1.58 0.06~0.14 0.41~0.99 0.065~0.095 

4~11 8 [83] 24.46~29.6 2.75~4.45 0.31~0.62 0.73~1.4 0.06~0.12 0.2~0.6 0.025~0.085 

12~13 2 [3] 33.86~35.81 3.28 0.28~0.51 0.57 0.05~0.09 0.24~0.34 0.023~0.025 

14~20 7 [84] 24.96~25.51 2.52~3.53 0.64~1.61 2.92~5.47 0.08~0.21 0.58~1.43 0.11~0.186 

21~30 10 [85] 15.18 2.08 0.2 1.19~2.38 0.04 1.34~2.67 0.091 

31~38 8 [86] 19.69~29.04 2 0.14~0.15 1.06~1.66 0.02~0.04 1.15~2.39 0.069~0.088 

39 1 [87] 35.03 1.76 0.61 0.65 0.13 0.35 0.047 

40~43 4 [88] 32.09~50.44 3.21 0.61~0.69 1.85 0.07~0.13 0.58~0.72 0.053~0.084 

44~60 9 [89] 14.33~15.69 3.85 0.5 0.22~2.02 0.11~0.12 0.06~1.03 0.008~0.144 

61~66 6 [90] 49.9 1.67~2.22 0.7~1.4 1.16~1.93 0.09~0.17 0.49~0.65 0.051~0.112 

67~70 2 [91] 15.65~23.02 5.19 0.47 1.26~1.38 0.05~0.08 0.59~0.74 0.049~0.08 

71~78 8 [92] 45.64~46.69 3 0.43~0.52 0.69~1.08 0.04~0.06 0.24~0.48 0.019~0.035 

79~80 2 [93] 28.5 2.64~3.85 0.31 0.48 0.04 0.18~0.25 0.013~0.019 

81~88 8 [94] 19.93~31.81 0.52~1.97 0.39~1.23 0.38~2.16 0.05~0.24 0.7~1.24 0.087~0.172 

89~90 2 [95] 27.79~27.91 0.52~0.9 1.03 0.36~0.62 0.13~0.14 0.65~0.68 0.112~0.116 

91~92 2 [96] 21.07~22.2 0.37~0.52 1.15~1.51 0.46 0.21~0.29 0.47~0.81 0.156~0.207 

93~103 11 [20] 24.02 2.78~3.85 0.22~0.9 0.61~2.34 0.03~0.2 0.18~0.84 0.026~0.097 
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 3-5 RC Һ №  

3.4 RC  

RC 469ҩ׆Ὲ RC ᴆ̆ῒҬ

╠187ҩ ԍ Ҭ [44]ȂRC Ҭ

Һ №  3-2 ̆ Һ №  

3-6 ̆ ῏ 2Ȃ  3-2Ҭ ck/P Af ҹ ̆ῒᵩ

ӈҍ  3-1ѿ Ȃ 

 3-2 RC  

   ckf /MPa l tr / % 
ck

P

Af
 

vl  m  ck 0/V f bh  

1~2 2 [44, 97] 19.98~21.16 4.33~4.35 0.87~1.13 0.25~0.45 0.26~0.41 0.25~0.31 0.055~0.063 

3~6 4 [44, 98] 32.75~37.81 4.22 0.3~0.64 0.12~0.37 0.04~0.12 0.4~0.63 0.034~0.051 

7~8 2 [44, 99] 23.96~32.83 4.22 0.67~0.85 0.26~0.48 0.26~0.28 0.28~0.3 0.053 
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 3-2 RC ̂ ̃ 

   ckf /MPa l tr / % 
ck

P

Af
 

vl  m  ck 0/V f bh  

9~13 5 [44, 100] 32.01~34.32 4.22 0.29~2.17 0.61~0.86 0.07~0.39 0.17~0.57 0.043~0.053 

14~21 8 [44, 101] 21.67~27.12 3.3~4.57 0.75~1.06 0.12~0.36 0.21~0.41 0.27~0.41 0.053~0.071 

22 1 [44, 102] 22.77 3.16 1.06 0.12 0.3 0.36 0.068 

23 1 [44, 103] 17.44 1.7 0.89 0.39 0.41 0.55 0.141 

24~25 2 [44, 104] 17.78~18.29 1.65 0.68~1.19 0.2~0.41 0.29~0.52 0.54~0.65 0.137~0.175 

26~28 3 [44, 105] 21 4.46 0.32 0.04 0.12 0.35 0.033 

29~30 2 [44, 106] 25.31~27.05 2.21 0.48 0.17~0.18 0.13~0.14 0.85~1.03 0.1~0.123 

31 1 [44, 107] 22.94 1.83 0.32 0.09 0.1 1.11 0.111 

32~34 3 [44, 108] 23.62 3.59 0.45 0.12 0.27 0.38 0.057 

35~42 8 [44, 109] 26.9~75.37 1.37~2.71 0.22~1.62 0.22~0.9 0.04~0.47 0.27~2.07 0.069~0.107 

43~44 2 [44, 110] 21.84 1.7 0.81 0.3~0.73 0.39 0.65~0.68 0.157~0.165 

45~51 7 [44, 111] 67.53 2.27~2.38 0.51~0.79 0.52 0.08~0.22 0.83~1.41 0.082~0.116 

52~57 6 [44, 112] 24.89~27.99 6.4 0.37~0.61 0.21~0.33 0.13~0.24 0.26~0.36 0.038~0.041 

58~59 2 [44, 113] 32.22~32.59 3.38~3.4 0.52~0.93 0.25~0.38 0.23~0.3 0.38~0.49 0.07~0.077 

60~62 3 [44, 114] 27.05~35.57 3.17 0.3~0.9 0~0.18 0.09~0.36 0.49~0.85 0.062~0.102 

63~86 24 [44, 115] 56.48 5.3~5.43 0.54~1.61 0.28~0.42 0.11~0.4 0.18~0.65 0.036~0.062 

87~90 4 [44, 116] 23.03~23.79 4.06~4.08 0.27~0.36 0.11~0.28 0.1~0.13 0.48~0.58 0.056~0.067 

91~97 7 [27, 44] 21.59~27.85 3.63~3.65 0.07~0.17 0.09~0.34 0.02~0.08 0.82~1.21 0.045~0.091 

98~107 10 [44, 117] 54.02~76.32 2.16~2.19 0.75~1.64 0.14~0.93 0.12~0.68 0.31~0.89 0.078~0.119 

108~117 10 [44, 118] 28.5 5.28~5.37 0.4~1.07 0.24~0.55 0.19~0.51 0.22~0.38 0.048~0.066 

118~129 12 [44, 119] 31.25~49.97 3.23 0.9~0.92 0~0.44 0.17~0.33 0.28~0.5 0.045~0.1 

130~138 9 [44, 120] 21.08~23.26 3.93 0.59~0.63 0.13~0.25 0.28~0.33 0.4~0.44 0.072~0.081 

139~141 3 [44, 121] 58.28 3.85 1.37 0~0.23 0.12 0.2~0.34 0.024~0.047 

142~152 11 [44, 122] 48.61~69.18 4.37 0.4~0.7 0~0.29 0.17~0.42 0.14~0.39 0.022~0.051 

153~154 2 [28, 44] 17.86~18.46 3.9 0.17 0.17~0.18 0.13 0.91 0.095~0.098 

155~160 6 [44, 123] 63.7~69.98 7.22 0.86~1.87 0.2~0.58 0.12~0.27 0.16~0.38 0.024~0.037 

161~166 6 [44, 123] 55.69~72.51 7.22 0.99~1.87 0.53~0.79 0.26~0.38 0.16~0.24 0.032~0.038 

167~169 3 [44, 124] 31.05~32.15 2.21~2.78 0.5~0.84 0.36~0.73 0.18~0.32 0.49~0.73 0.095~0.103 

170~172 3 [44, 125] 28.72~29.85 3.4 0.2 0.03 0.06 0.52 0.033~0.035 

173~178 6 [44, 126] 45.91~47.26 3.92 0.78~1.17 0.27~0.45 0.17~0.27 0.38~0.5 0.061~0.071 

179 1 [44, 127] 25.57 3.17 0.3 0.19 0.13 0.99 0.109 

180~183 4 [44, 128] 17.1~19.47 2.21 0.52~0.65 0.24~0.39 0.22~0.32 0.74~0.84 0.143~0.162 

184~187 4 [44, 129] 20.91 6.78 0.33~1.05 0.38 0.19~0.59 0.13~0.29 0.043 

188~191 4 [130] 25.07~27.31 4.32 0.07~0.28 0.09~0.1 0.02~0.06 0.46~0.63 0.033~0.035 

192~199 8 [131] 10.33~23.37 5.49 0.26~0.62 0.23~0.24 0.18~0.3 0.19~0.27 0.035~0.044 

200~201 2 [132] 22.69~22.94 1.85~2.66 0.13~0.18 0.12~0.21 0.07 1.31~1.34 0.083~0.113 

202~210 9 [46] 34.35~37.32 4.3~4.32 0.37~0.5 0.29~0.44 0.11~0.14 0.4~0.46 0.045~0.048 

211~212 2 [133] 22.8~26.9 3.23 0.38 0.1~0.3 0.09~0.1 0.51~0.53 0.055~0.056 

213~216 4 [134] 22.42~29.87 2.31~3.23 0.71 0.1~0.3 0.16~0.22 0.29~0.54 0.036~0.093 

217~221 5 [135] 22.19~23.33 4.35 0.45~1.12 0.35 0.14~0.36 0.25~0.44 0.056~0.058 
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 3-2 RC ̂ ̃ 

   ckf /MPa l tr / % 
ck

P

Af
 

vl  m  ck 0/V f bh  

222~225 4 [136] 22.88~29.11 4.19 0.7~0.86 0~0.35 0.17~0.45 0.14~0.39 0.029~0.058 

226~229 4 [137] 21.58~31.24 4.15~4.19 0.34~0.54 0~0.35 0.13~0.29 0.25~0.41 0.028~0.082 

230~233 4 [138] 14.36 3.23~3.24 0.42~0.69 0.13~0.62 0.2~0.27 0.36~0.44 0.07~0.08 

234~255 22 [139] 26.3~50.8 1.61~2.69 0.24~0.47 0.04~0.2 0.06~0.17 0.55~0.91 0.046~0.141 

256~279 24 [140] 41.91 1.54~5.82 0.33~0.66 0.2~0.49 0.06~0.13 0.28~1.24 0.03~0.135 

280~283 4 [141] 44.8~47.2 3.11 1.66~2.98 0.46~0.59 0.31~0.57 0.37~0.58 0.114~0.124 

284~292 9 [142] 56.09~62.19 3.23~3.27 0.34~0.95 0.35~0.51 0.06~0.13 0.49~0.9 0.058~0.077 

293~302 10 [143] 57.89~72.16 4.33 0.55~0.88 0.34~0.45 0.17~0.37 0.24~0.34 0.042~0.047 

303~308 6 [144] 56.68~85.33 2.78 1.14~1.68 0.3~0.54 0.1~0.15 0.48~0.58 0.051~0.071 

309~319 11 [145] 50.98~56.38 3.07~3.4 0.25~0.9 0.32~0.55 0.03~0.11 0.68~1.18 0.058~0.08 

320~330 11 [146] 23.71~46.44 1.6~7.55 0.47~1.35 0.25~0.63 0.08~0.3 0.2~1.03 0.028~0.143 

331~340 10 [147] 57.51~73.8 1.67~2.23 0.39~1.06 0.43~0.65 0.14~0.43 0.47~0.9 0.088~0.117 

341~346 6 [148] 46.14 1.67~4.46 0.75~1.34 0.47 0.18~0.34 0.28~0.82 0.047~0.124 

347~350 4 [149] 67.57 4.31~4.36 1.68~2.68 0.15~0.23 0.25~0.4 0.16~0.3 0.032~0.044 

351~355 5 [150] 53.91~68.61 4.08 0.68~1.35 0.22~0.53 0.12~0.72 0.12~0.41 0.039~0.047 

356~367 12 [151] 51.17~69.62 3.76 0.48~1.65 0.24~0.52 0.05~0.24 0.26~0.51 0.035~0.043 

368~371 4 [152] 19.99~22.5 4.3~4.35 0.29~0.59 0.35 0.17~0.38 0.26~0.4 0.057~0.065 

372~373 2 [153] 44.27 5.01 0.67~0.84 0.17~0.43 0.11~0.14 0.36~0.38 0.036~0.043 

374 1 [154] 31.16 1.63 1 0.42 0.3 0.81 0.17 

375~380 6 [155] 30.48~31.31 3.45 1.42~2.15 0.18~0.5 0.37~0.64 0.24~0.36 0.067~0.078 

381~386 6 [156] 32.07~42.53 3.54 0.67~1.75 0.1~0.24 0.17~0.38 0.3~0.5 0.056~0.077 

387~388 2 [157] 40.63~41.65 1.62 0.6~0.8 0.46~0.47 0.19~0.24 0.63~0.73 0.118~0.119 

389~394 6 [158] 27.44 3.57 0.38~0.75 0.12~0.49 0.16~0.32 0.34~0.51 0.059~0.072 

395~396 2 [159] 28.88 3.91 0.88 0.4~0.6 0.31 0.25~0.27 0.051~0.055 

397 1 [160] 29.64 2.49 0.88 0.61 0.25 0.42 0.079 

398~401 4 [161] 31.16 5.2~5.22 0.4~0.54 0.3~0.41 0.15~0.21 0.33~0.42 0.043~0.055 

402~411 10 [162] 32.6~48.15 4.68~4.69 0.43~0.79 0.06~0.08 0.12~0.26 0.15~0.25 0.02~0.04 

412~426 15 [163] 21.96~24.78 3.41~3.42 0.11~0.32 0.24~0.48 0.04~0.12 0.36~0.67 0.045~0.057 

427 1 [164] 56.19 2.38 0.76 0.42 0.11 0.7 0.075 

428~429 2 [165] 35.64~42.53 4.36~4.37 0.65 0.03~0.04 0.12~0.15 0.27~0.37 0.025~0.039 

430 1 [166] 26.48 2.73 0.9 0.24 0.42 0.34 0.085 

431 1 [167] 26.48 1.91 0.9 0.24 0.42 0.46 0.121 

432 1 [168] 37.08 4 0.67 0.15 0.17 0.28 0.035 

433~434 2 [169] 30.93 3.28 0.34 0.01~0.17 0.07 0.53~0.72 0.04~0.063 

435 1 [170] 31.31 4.43 0.34 0.32 0.09 0.6 0.062 

436~445 10 [171] 42 4.69 0.95~1.56 0.38~0.47 0.23~0.38 0.48~0.7 0.104~0.109 

446 1 [172] 55.02 2.13 0.5 0.15 0.07 1.16 0.081 

447 1 [173] 22.95 2.55 0.19 0.58 0.16 1.05 0.117 

448~469 22 [45] 27.25 2.52~3 0.6~1.1 0.35~0.45 0.17~0.37 0.39~0.82 0.083~0.111 
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 3-6 RC Һ №  

3.5 RC◑Ⱶ  

RC◄ⱬ 236ҩ׆Ὲ ℮ ᵝ

RC◄ⱬ ⱬ ȂRC◄ⱬ Һ №  

3-3 ̆ Һ №  3-7 ̆ ῏ 3Ȃ  3-3

Ҭ̆ ckf ҹ ṿ̆lҹ◄ ̆ hrȁ vr r№≢ҹ◄ⱬ № ȁ

№ ̆ vlҹ ṿ̆ ck/P Af ҹ Ȃ 

 3-3 RC◄ⱬ  

   ckf /MPa l hr / % vr / % r/ % vl  
ck

P

Af
 

1~7 7 [174] 22.8 1.23~2.31 0.37 0.4 4.52 0.065 0.06~0.19 
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 3-3 RC◄ⱬ ̂ ̃ 

  
 

ckf /MPa l hr / % vr / % r/ % vl  
ck

P

Af
 

8~14 7 [175] 32.12~73.21 2.33 0.83 0.57 1.14 0.049~0.14 0.14~0.29 

15~18 4 [176] 52.51 2.3~2.51 0.66~1 0.25 2.32~3.05 0.122~0.245 0.14~0.19 

19~23 5 [177] 57.58 1.11~1.71 1.18~1.96 0.66 2.33~3.26 0.283~0.36 0.17~0.28 

24~27 4 [178] 62.91~68.98 1.11~2.33 1.26~2.62 0.66 2.76 0.222~0.289 0.17~0.24 

28~32 5 [179] 19.61~35.1 2.4 0.21~0.56 0.5 1.51 0.074~0.132 0.17~0.31 

33~37 5 [180] 45.46~59.16 1.62~2.55 0.74~0.99 0.83~0.99 3.42~4.31 0.06~0.224 0.15~0.25 

38 1 [181] 17.4 2.25 0.57 0.38 2.36 0.21 0.2 

39~56 18 [182] 19.64 1.02~2.15 0.16~0.25 0.16~0.25 0~1.06 0~0.045 0.15 

57~58 2 [183] 32.45 1.2~1.73 0.33 0.33 1.33 0.062 0.04 

59~61 3 [184] 34.59~45.13 1.26~2.37 0.51 0.51 2.87 0.151~0.197 0.1 

62~74 13 [185] 22.84 1.79~2.32 0.15~0.33 0.15~0.33 2.73~4.52 0.069~0.195 0.06~0.09 

75~78 4 [186] 25.35~28.82 2.36~2.42 0.28~0.42 0.28~0.84 1.26~1.34 0.155~0.176 0.17~0.23 

79~80 2 [187] 30.08 2.9 0.84 0.7 3.72 0.136 0.1~0.2 

81~84 4 [188] 29.44 2.7 0.72 0.6 2.06~2.2 0.18~0.468 0.39 

85~90 6 [189] 21.43 1.93~2.16 0.57 0.33~1.26 0~3.01 0~0.331 0.11 

91 1 [190] 28.01 2.7 0.72 0.6 2.2 0.214 0.39 

92~94 3 [191] 36.3 2.88 0.47 0.47 1.26 0.154 0.29~0.4 

95~97 3 [192] 59.7 2.88 0.67 0.38 1.36 0.068 0.29~0.4 

98 1 [193] 26.87 2.33 1.18 0.32 1.63 0.063 0.33 

99 1 [194] 16.59 1.02 0.39 0.39 2.91 0.293 0.18 

100 1 [195] 27.62 1.62 0.5 0.54 0.89 0.043 0.14 

101~104 4 [196] 21.81 2.13~2.32 0.31~0.47 0.51~1.33 1.46~2.26 0.024~0.186 0.11~0.17 

105~115 11 [197] 26.69~34.4 1.85~2.38 0.38~0.67 0.38~0.67 4.52~6.15 0.063~0.095 0.05~0.1 

116 1 [198] 53.2 1.71 0.51 0.51 6.15 0.068 0.07 

117~120 4 [199] 20.26~27.27 1.27~2 0.5~0.71 0.54~0.71 1.18~2.01 0.044~0.073 0.2 

121 1 [200] 21.67 2.4 0.28 0.85 3.01 0.048 0.1 

122 1 [201] 24.34 4.01 0.56 0.42 5.22 0.119 0.15 

123~125 3 [202] 47.74~55.62 2.31 0.79~1.26 0.43~0.57 1.63~5.48 0.021~0.15 0.26~0.32 

126 1 [203] 51.01 1.11 0.45 0.29 2.26 0.052 0.1 

127 1 [204] 20.26 1.94 0.39 0.39 1.13 0.204 0.1 

128~133 6 [205] 10 3.11~3.73 0.07~0.14 0.14~0.19 0 0 0.2~0.32 

134 1 [206] 26.8 1.18 0.33 0.77 4.19 0.048 0.06 

135 1 [207] 27.45 2.35 0.39 0.53 1.25 0.033 0.06 

136~138 3 [208] 33.66 1.1~2.21 0.34 0.22 1.73 0.35 0.23 

139 1 [209] 28.65 1.62 0.5 0.54 1.34 0.035 0.29 

140~142 3 [210] 20.78 2.27 0.57 0.39 0.75~2.09 0.166 0.1~0.3 

143 1 [211] 31.87 2.44 0.52 0.5 2.01 0.073 0.08 
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 3-3 RC◄ⱬ ̂ ̃ 

 
 

 ckf /MPa l hr / % vr / % r/ % vl  
ck

P

Af
 

144 1 [212] 25.75 2.44 0.63 0.63 2.51 0.202 0.18 

145 1 [213] 24.08 3.12 0.98 0.98 2.53 0.146 0.1 

146~150 5 [214] 29.36~31.67 2.38~2.48 0.25 0.24~0.57 0.87~1.97 0.034~0.183 0.07~0.16 

151~152 2 [215] 23.96~38.2 2.21~2.23 0.59~0.66 0.59~0.66 4.6~5.22 0.175~0.223 0 

153~155 3 [216] 17.02~39.03 0.69~0.77 0.26~0.28 0.34~0.39 0 0 0.03~0.11 

156~159 4 [217] 39.96~47.1 1.25 0.53 0.53 2.14~3.8 0.411~0.484 0.28~0.36 

160 1 [218] 35.45 1.19 0.93 0.81 6.78 0.167 0 

161~164 4 [219] 27.7~30.07 2.11~2.17 0.23~0.39 0.29~0.36 0~1.77 0~0.131 0.12 

165 1 [220] 23.11 1.64 0.81 0.81 2.57 0.268 0.08 

166~167 2 [221] 26.75~28.5 3.35 0.33 0.33 2.46 0.141~0.15 0.08~0.12 

168~172 5 [222] 35.36~41.72 1.62~2.16 0.27~0.74 0.27~0.74 3.75~8.49 0.196~0.438 0.02~0.1 

173~183 11 
[223, 

224] 
18.48~41.14 2.53~2.61 0.27~1.36 0.24~0.61 1.09~3.9 0.005~0.32 0~0.19 

184~191 8 [225] 23.7~32.75 2.27~2.33 0.67~1.51 0.67~1.51 1.51~3.22 0.073~0.21 0~0.1 

192 1 [226] 27.62 3.85 0.17 0.57 0.95 0.367 0.04 

193~195 3 [227] 23.2 2.65 0.44 0.72 0 0 0.18~0.41 

196~201 6 [228] 23.2 2.02~2.65 0.44~0.46 0.56~1.44 0~3.93 0~0.2 0.18 

202~204 3 [229] 49.58 1.94 0.55 0.55 1.94 0.135 0~0.3 

205~206 2 [230] 23.37 1.59 0.31 0.36 1.61 0.061 0.12 

207~208 2 [231] 29.78~30.35 1.56 0.39~0.52 0.52~0.79 2.29 0.054~0.055 0 

209~212 4 [232] 35.1 1.27~1.44 0.52 1.51~1.56 0~3.15 0~0.245 0 

213 1 [233] 28.86 3.22 0.27 0.27 3.29 0.132 0.09 

214~219 6 [48] 29.72~34.65 1.05~1.1 0.35~0.6 0.75~0.86 6.85~12.73 0.048~0.199 0 

220~221 2 [234] 37.81 1.07 0.27~0.53 0.37~0.55 2.01~9.62 0.634~0.667 0.09 

222~223 2 [235] 36.66 0.88~1.23 0.55 0.55 0.92~1.05 0.099~0.109 0 

224~225 2 [236] 25.99~26.07 2.57 0.42 0.42 0~5.06 0~0.131 0.12 

226~230 5 [237] 31.25~38.12 1.26~1.59 0.5~0.7 0.5~0.7 5.54~11.35 0.07~0.09 0 

231~233 3 [238] 24.61~28.53 2.31 1~1.34 0.67 4.52~12.56 0.167~0.291 0.24~0.35 

234~235 2 [239] 27.85~50.63 3.41 0.31~0.37 0.29 3.14 0.115~0.209 0.05~0.09 

236 1 [240] 32.15 2.5 0.63 0.21 0.5 0.12 0.09 
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3.6  

ҹ RC ᴆ ṿ̆ Ὲ׆ ԅ ῤ 103ҩ

RC ȁ469ҩRC 236ҩRC◄ⱬ ⱬ ̆ Ȃ

ԅ ̆ ₮ԅ Һ №

Ȃ ҹ RC ȁ ◄ⱬ ṿ ᶫԅ

Ȃ 
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 RC ẅ 

4.1  

ԍ ̂PBSD, Performance based seismic desigñ ᶏ

ᵬ Ҋ̆ Ȃ ԍ

ѿҩ Ḡ ᵬ Ҋ Ҍ ῒ ṿȂ ̆

ṿ ‰ ᵀ ΐ Ȃ ₀

̂RC̃ ᵬҹRC Һ ⱬ ᴆ̆‰ ῒ ṿ RC

ΐ ӈȂ RC ṿ ҹԅ ѿ ᵀRC

ᴆ ‰̆ҹ RC ᶫ Ȃ 

≠ ҈ 103ҩRC ̆ RC ⅞№

̆ Ҍ ҊRC 3ҩ῏ ľ̂ Ŀȁľ Ҥ Ŀ ľҤ

Ŀ̃ ᵝ ṿ № ̆ RC ľ Ŀȁľ Ҥ Ŀ ľҤ

Ŀ ᵝ ṿ Ὲ Ȃ 

҉ Ὲ ҉̆ RC ľ Ŀȁľ Ŀȁľ ĿȁľҬ

Ŀȁľ Ҥ Ŀ ľҤ Ŀ6ҩ ΐ ᵝ ṿ̆

№ ῒ Ȃ 

̆≠ ̆ ѿ ₮ RC ᵝ ṿҍ

ASCE/SEI 41-13[9]ȁ EC8-3[13] QYL [23]̂ ╠ ₮̃ RC

ṿ ̆ Ҍ ṿ ‰ ȁ ῃ ̆

₮ RC ᴨⱷ Ȃ 

4.2 RC ↔ⅎ  

̆RC ᴆ Ҍ ̆ῒ Ӟ Ȃ

ѿ ’Ҋ̆◄℗ ᴆ ̆ ᴆ Ȃ RC

ṿ № Ӟ ̆RC ᴆ Ҍ ̆ ῒ ṿ ӞҌѿ

Ȃ ̆ᶭ RC RC № ̆ ҉Ῥ Ҍ №

RC RC ṿ Ȃ 

҈ RC ᴆ Ҭ ₮ RC

⌠ ̆ ̆ Ҍ ∞ ̆Ҍ ԍ

№ ᵀȂҹԅ ԍ ̆
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ᴆ № ᴆ Ȃ ̆ᶭ

№ ̆ ₮RC ⅞№ ₮ῒ ṿ ѿ Ȃ

RC ⅞№ Ȃ 

4.2.1 RC  

ҹ RC Һ Ҋץ̆ ₮RC 103ҩRC

ҍ Һ ῏ Ȃ Ҭ̆ ҹ ľ̆FĿȁľFSĿ ľSĿ№≢

ҹ ȁ ◄ ◄℗Ȃ 

 

ã ҍ◄ ῏  

 

b̃ ҍ ◄ ῏  

 

c̃ ҍ ◄℗ ⱬ ῏  

 

d̃ ҍ ӈ◄ ῏  
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ẽ ҍ ӈ◄ ⱬ ῏  

 

f̃ ҍ ῏  

 

g̃ ҍ ῏  

 4-1 ҍҺ ῏  

RC҉ץ׆ ҍ Һ ӊ ῏ ₮̔ 

̂1̃ №RC Һ ◄ ̂l̃ ȁ ◄ ̂m̃

◄℗ ⱬ ̂
p 0/V V ̃̆  4-1̂ ãȁ̂ b̃ ̂c̃ Ȃ ᵣ҉̆◄ ̆ ᴆ

ԍ ̆ ◄ ◄℗ ⱬ ̆ ᴆ ԍ◄℗ Ȃ 

̂2̃ RC ҍ ȁⱴ ȁ ӈ◄ ӈ◄

ⱬ ῏ Ҍ ̆ᶏ ֓ №RC Ȃ 

4.2.2 RC ↔ⅎ  

҉ץ׆ № ̆RC ҍ◄ lȁ ◄ m ◄℗ ⱬ

p 0/V V ῏ ̆ҍῒז ῏ Ҍ Ȃ ԍ ◄ ҍ ◄℗

ⱬ ᵌ̆ҹ ̆ ץ ◄ ◄ ҹ ̆ ₮RC

∞≢‰↕̆  4-1 Ȃ  4-1⅞№‰↕ҍ 103ҩRC ᴆ ῏

 4-2 Ȃ 
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 4-1 RC ⅞№‰↕ 

 ◄  ◄  

 ɚ>=2.0 m<=1.0 

◄  
ɚ>=2.0 m>1.0 

ɚ<2.0  

 

 

 4-2 RC ⅞№‰↕ 

ҹ  4-1 ≠̆  4-1 ⅞№‰↕ 103ҩRC ᴆ

⅞№̆  4-2 Ȃ 

 4-2 RC №  

  №   №  

 37 
 36 97.30% 

◄  1 2.70% 

◄ 40 
 25 62.50% 

◄  15 37.50% 

◄℗ 26 
 0 0.00% 

◄  26 100.00% 

 103  103  

 

 4-2 ̆  4-1 ₮ ⅞№ ◄℗ ΐ

∞≢ ̆ ᴆ 97.30% ⅞№ҹ ̆ ◄℗ ᴆ

100.00% ⅞№ҹ◄ Ȃ ◄ ᴆ 62.50% ⅞№ҹ 3̆7.50% ⅞№

ҹ◄ Ȃ ҉̆ ԍ ◄ ̆ῒῚΐ ◄℗ ֓

̆ RC ҍ ◄ ȁ ◄ ҍ◄℗ ӊ Ҥץ

№ ̆ ⌠ѿ RC ȁ ◄ ◄℗ № ‰ ⅞№

№ Ȃ RC № Һ ҹԅ ΐ ῍
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№ Ḃץ̆ ṿ ̆ ̆RC №

◄℗ ң └ Ҍ ∞≢ Ȃ ҉̆

₮ RC № Ȃ 

4.3 ᵣ ẅ  

₮ ҈ 103ҩRC ᴆ 1ȁ 5 6 ᵝ ṿ

ԍҺ Ȃ └ᵝ ṿ ԍ ץ

ᵝ ṿ  Ȃל

4.3.1 1r ẅ 

 

ã ◄                                  b̃  

 

c̃ ṿ                             d̃ ӈ◄  

 

                     ẽ ӈ◄ ⱬ                         f̃ ⱬ  
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g̃ ◄                                h̃  

 4-3 1β ṿ  

4.3.2 5r ẅ 

 

ã ◄                                b̃  

 

                   c̃ ṿ                            d̃ ӈ◄  

 

ẽ ӈ◄ ⱬ                         f̃ ⱬ  
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g̃ ◄                    h̃  

 4-4 5 ᵝ ṿ  

4.3.3 6r ẅ 

 

ã ◄                              b̃  

 

                    c̃ ṿ                           d̃ ӈ◄  

 

ẽ ӈ◄ ⱬ                           f̃ ⱬ  
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g̃ ◄                                  h̃  

 4-5 6 ᵝ ṿ  

4.4 ᵣ ẅ ⅎ  

4.3 ṿҍ῏ ץ ₮̆ ◄ mȁ ṿɚvҍRC

ᵝ ṿ ῏ ̆ ᵝ ṿ Ȃ ץ ◄ mȁ

ṿɚvȁ ӈ◄ V/fckbh0ȁⱴ ɟtȁr ɟv ⱬ ɟtfyv/ft

6ҩ Ҍ ̆ Ҍ ᵝ ṿ Ὲ ̆

ץ4.4.14.4.2 ₮̆ ҬR ῏ ̆p F pṿ̆ p

ṿ ԍ0.05̆ Ȃ Ҭ ⱴ ↓ ̆ ↓

῏ Ȃ 

4.4.1 ᴌ ⅎ  

ԍRC Ҭ⅞№ҹ ᴆ̂῍61ҩ̃̆ № ᴆ̂῍32ҩ̃

ⱬ ’ҊẢ ԅ ̆ 3.2.3 № ᴆ 5

6 ṿ ṿẒ ̆ ‰ ṿ̆ RC 5 6

ṿ № ̆ Ḡ ⱬ Ȃ 

4.4.1.1 ɗ1 ⅎ  

ɗ1  4-3 ̆ Ὲ ṿ ṿ  4-6 Ȃ 

 4-3 ɗ1 №  

 

1 ɟt ɟtfyv /ft m m m V/fckbh0 V/fckbh0 V/fckbh0 V/fckbh0 m ɚv 

2 m m V/fckbh0 ɟt ɟtfyv /ft ɟt ɟtfyv /ft ɟv ɚv ɚv m 

3 V/fckbh0 V/fckbh0 
        V/fckbh0 

 

 0.005 0.000 0.004 0.004 0.003 0.007 0.007 0.007 0.006 0.001 -0.013 

1 -0.211 0.004 0.008 0.009 0.009 0.068 0.051 0.053 0.037 0.009 0.146 

2 0.005 0.016 0.009 -0.008 0.001 -0.415 -0.001 -0.148 0.006 0.023 0.047 

3 0.034 -0.059 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.295 

 R 0.437 0.474 0.427 0.424 0.447 0.419 0.349 0.354 0.341 0.511 0.786 

 p 0.145 0.090 0.073 0.076 0.055 0.081 0.185 0.175 0.201 0.020 0.000 



ᵝ  

56 

 

 4-6 ɗ1 ṿҍ ṿ  

4.4.1.2 ɗ5p ⅎ  

ɗ5p  4-4 ̆ Ὲ ṿ ṿ  4-7 Ȃ 

 4-4 ɗ5p №  

 

1 ɟt ɟtfyv /ft m m m V/fckbh0 V/fckbh0 V/fckbh0 V/fckbh0 m ɚv 

2 m m V/fckbh0 ɟt ɟtfyv /ft ɟt ɟtfyv /ft ɟv ɚv ɚv m 

3 V/fckbh0 V/fckbh0 
        V/fckbh0 

 

 0.040 0.032 0.040 0.038 0.035 0.036 0.034 0.034 0.033 0.033 0.010 

1 0.089 0.008 -0.012 -0.005 -0.004 -0.018 -0.038 -0.038 -0.069 -0.003 0.264 

2 -0.011 0.005 0.067 0.431 0.005 0.531 0.007 0.708 0.089 0.062 0.058 

3 0.057 -0.072 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.482 

 R 0.178 0.248 0.178 0.163 0.235 0.141 0.244 0.226 0.374 0.332 0.521 

 p 0.844 0.656 0.659 0.703 0.478 0.770 0.449 0.505 0.141 0.218 0.045 
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 4-7 ɗ5p ṿҍ ṿ  

4.4.1.3 ɗ6p ⅎ  

ɗ6p  4-5 ̆ Ὲ ṿ ṿ  4-8 Ȃ 

 4-5 ɗ6p №  

 

1 ɟt ɟtfyv /ft m m m V/fckbh0 V/fckbh0 V/fckbh0 V/fckbh0 m ɚv 

2 m m V/fckbh0 ɟt ɟtfyv /ft ɟt ɟtfyv /ft ɟv ɚv ɚv m 

3 V/fckbh0 V/fckbh0 
        V/fckbh0 

 

 0.0522 0.0492 0.0444 0.0432 0.0408 0.0401 0.0381 0.0386 0.0357 0.0367 0.0203 

1 -1.3091 -0.0047 -0.0170 -0.0061 -0.0055 0.0211 -0.0077 -0.0071 -0.0647 -0.0043 0.2107 

2 -0.0337 -0.0267 0.0951 0.1863 0.0034 0.0259 0.0039 0.3954 0.0927 0.0670 0.0395 

3 0.2482 0.1729 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.3434 

 R 0.2712 0.2138 0.1993 0.1043 0.1508 0.0599 0.1244 0.1154 0.3155 0.2923 0.3714 

 p 0.5834 0.7549 0.5906 0.8674 0.7417 0.9544 0.8166 0.8400 0.2560 0.3131 0.2859 

 



ᵝ  
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 4-8 ɗ6p ṿҍ ṿ  

4.4.2 ◑ ᴌ ⅎ  

4.4.2.1 ɗ1 ⅎ  

ɗ1  4-6 ̆ Ὲ ṿ ṿ  4-9 Ȃ 

 4-6 ◄ ɗ1 №  

 

1 ɟt ɟtfyv /ft m m m V/fckbh0 V/fckbh0 V/fckbh0 V/fckbh0 m ɚv 

2 m m V/fckbh0 ɟt ɟtfyv /ft ɟt ɟtfyv /ft ɟv ɚv ɚv m 

3 V/fckbh0 V/fckbh0 
        V/fckbh0 

 

 0.0041 0.0043 0.0044 0.0059 0.0063 0.0060 0.0058 0.0062 0.0061 0.0050 0.0040 

1 0.0958 0.0001 0.0009 0.0014 0.0012 0.0320 0.0360 0.0272 0.0282 0.0017 0.0132 

2 0.0011 0.0009 0.0346 0.2904 0.0017 -0.0345 -0.0006 0.0235 0.0008 0.0239 0.0014 

3 0.0286 0.0333 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0207 

 R 0.2507 0.2461 0.2458 0.1984 0.1666 0.2215 0.2273 0.2213 0.2206 0.2423 0.2615 

 p 0.4756 0.4929 0.2966 0.4571 0.5777 0.3748 0.3556 0.3757 0.3781 0.3074 0.4358 
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 4-9 ɗ1 ṿҍ ṿ  

4.4.2.2 ɗ5p ⅎ  

ɗ5p  4-7 ̆ Ὲ ṿ ṿ  4-10 Ȃ 

 4-7 ◄ ɗ5p №  

 

1 ɟt ɟtfyv /ft m m m V/fckbh0 V/fckbh0 V/fckbh0 V/fckbh0 m ɚv 

2 m m V/fckbh0 ɟt ɟtfyv /ft ɟt ɟtfyv /ft ɟv ɚv ɚv m 

3 V/fckbh0 V/fckbh0 
        V/fckbh0 

 

 0.0284 0.0284 0.0297 0.0290 0.0294 0.0158 0.0154 0.0151 0.0176 0.0269 0.0279 

1 0.5240 0.0030 -0.0093 -0.0077 -0.0078 -0.0125 -0.0069 -0.0167 -0.0583 -0.0070 0.0621 

2 -0.0078 -0.0079 0.0432 0.5953 0.0038 1.4062 0.0093 1.3268 0.1217 0.0506 -0.0068 

3 0.0105 0.0164 0.0000 0.0000 0.0000 0.0000 0 0 0 0 -0.0223 

 R 0.5982 0.5950 0.5871 0.5977 0.5938 0.4934 0.4878 0.5519 0.5421 0.6121 0.6138 

 p 0.0007 0.0008 0.0003 0.0002 0.0002 0.0043 0.0050 0.0008 0.0011 0.0001 0.0004 

 

 

 4-10 ɗ5p ṿҍ ṿ  
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