
 

 

୯ҥҬ೯εᏢ    

    

    

βЕπำᏢس    

    

ᅺ γ ፕ Ў    

 

    

    

ጠӝΚᕅܭቸ܄୷ᘵୁڙӛၩख़ϐࣴز 

 

    

Coupled Shear Walls on Elastic Foundation Subjected to Lateral 

Loads 

    

    

    

    

 ғǺ ز ࣴ
 

 ௲   ذߪᏤ௲Ǻቅࡰ

    

    

ύ  ҇ ୯  ԭ ԃ Ύ Д



 

 

ጠӝΚᕅܭቸ܄୷ᘵୁڙӛၩख़ϐࣴز 

Coupled Shear Walls on Elastic Foundation Subjected to Lateral Loads 
    

    

 ғǺ           Student：Chin-Shun Ting ز ࣴ
 Advisor：Gin-Show Liou           ذߪᏤ௲Ǻቅࡰ

    

    

୯ ҥ Ҭ ೯ ε Ꮲ    

βЕπำᏢس    

ᅺ γ ፕ Ў    

    

    

A Thesis 

Submitted to Institute of Civil Engineering 

College of Engineering 

National Chiao Tung University 

in partial Fulfillment of the Requirements 

for the Degree of 

Master 

in 

Institute of Civil Engineering 

June 2011 

Hsinchu, Taiwan, Republic of China    

    

ύ  ҇ ୯  ԭ ԃ Ύ Д



 

I 
 

 
 

 
ጠӝΚᕅܭቸ܄୷ᘵୁڙӛၩख़ϐࣴز 

 
 
    
 ௲   ذߪᏤ௲Ǻቅࡰ                            ғǺ ز ࣴ

 
 

୯ҥҬ೯εᏢβЕπำᏢس 

 

 

ᄔा 
 

 

    ҁࣴزЬाϩӧቸ܄୷ᘵޑଯኴ่ᄬύǴуΕጠӝΚᕅࡕǴ

ୁڙӛѦΚਔǴளΚᕅືޑڙ܍ΚǵୁӛᡂՏǵંǵΚǾ
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Abstract 

This study analyzed on the basis of high-rise in the elastic structure, 

coupled shear walls added later, when subject to lateral force, the 

obtained shear bear axial force, lateral deflection, bending moment, shear, 

etc. ... mechanical properties, and to explore the coupling of shear 

deformation on the lateral inhibition effect, and when the parameters 

change its corresponding relationship. 

     The method is based on research with the center of the beam as a 

benchmark, the establishment of conditional harmonic distortion and 

force - displacement relationship, in the solution of simultaneous 

equations, you can find the wall of the analytical solution, and then do 

numerical analysis . 
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    ᅺγፕЎቪډԜ।Ǵ߾жޑך߄ᅺγғఱा҅ԄပჿΑǴΒԃ

ऍӳόӧޑӵၸྟᙯᕓջǶΓғ߾ǴჴߏਔӀ࣮՟ᅐ܌زࣴޑ

ǴᗨฅΒؽᝨӀޑණวрٰ܌ᕓ໔ዡᕋܭǴԶӧྐ҉ޑڮғុۯܭ

ԃਔ໔ццԶǴՠςӧޑךΓғϐύ੮ΠӭόёᑃྐޑღҞӀߍǶ

२ӃനाགᖴޑΓࢂቅذߪԴৣǴவᏢǴΒԃൣපவ҂໔ᘐٌޑ

༇௲ᏤǴրаࣁᏢӵНՉՃǴԶԴৣ߾ႽࢂးӧՃႝޑଭၲǴ

ךၡޔ۳߿ᏟΚό॰Ǵόܭፐ๏ϒࡰᏤǴ׳௲᐀ךΓ

ޑ٣ᄊࡋǴӵϞᇸՃςၸख़ξǴԴৣჹ៝ྣޑךϷбрǴᗺᅀӧ

ЈǴคज़གᐟǼќѦǴाགᖴα၂ہࣄᏦ௲ǵᎄൺѳ௲܌ග

ᆶᏢߏი໗ύǴाགᖴᏢزࣴޑҬεβЕ่ᄬಔܭǶـϐᝊཀٮ

хޑаٰޔգॺࢂৎΓǴӵόޑךᔅշᆶႴᓰǶձགᖴޑۂ

ϷЍǴךΨόёૈԖϞϺޑλλԋ൩ǶനࡕǴाགᖴޑΓჴӧϼӭǴ

ӵԖᒪܻޑב϶ӧԜҭٳགᖴǴགᖴεৎܭ೭Βԃٰჹ៝ྣޑךǶ

Ԗ٤ΓޑᅺγғఱၸޑӵқႽТཆᄐǴՠޑךᅺγғఱҔၗ

ૻᙦޑଯӀቹႽٰඔॊҭόࣁၸǴӧԜΨઔᅽ܌ԖᗋӧᏢܻޑ϶

ॺૈӧᏢޑၡᆓܫрӚԄӚኬޑӀؽǼ 
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1 2,A A  : Κᕅ 1ǵΚᕅ 2ϐय़ᑈ 

1 2
I , I  : Κᕅ 1ǵΚᕅ 2ϐय़ᑈΒԛં 

I  : Κᕅᕴय़ᑈΒԛં 

l  : Κᕅ 1ύЈᗺԿΚᕅ 2ύЈᗺޑຯᚆ 

b : ΚᕅύЈᗺԿᜐጔޑຯᚆ 

h : ൂኴቫଯࡋ 

E: షᏉβޑቸ܄ኳኧ 

b
I  : ᛠኺރޑӢη 

H  : ᕴኴଯ 

1
k  : βᝆޔޑጕቸᘽ߯ኧ 

2
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v
δ  : ୷ۭβᝆ࣬ޑჹࠟޔՏ౽ 

θ
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N(z) : ΚᕅᚐѦڙ܍ϐືΚ 
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ಃക    ᆣፕ 

    قققق         1.1 1.1 1.1 1.1

ѠӦՏೀᕉϼѳࢩӦϷ٥ӦǴӦǵረ॥วғᓎ

ᕷǴӢԜ่ᄬډڙཱུܰނНѳୁΚޑӒ্ǴԶӧ҇୯63 ԃаֹӄ

ؒԖऐी࣬ޑᜢೕۓǴӧ҇୯63 ԃਔǴϣࡹ҅ԄયΕԖᜢӦ

ΚޑచЎǴᗨฅԖஒӦΚޑቹៜયΕीाǴՠΨѝԖӦ

ΚޑελाǴֹӄؒځѬೕۓǶډΑ҇୯71 ԃε൯অׯӦΚޑ

ीᆉǴቚуΑ่ᄬ܄ϷӦዹ܄፦ޑቹៜǶ҇ܭ୯78 ԃֽঅׯѠ

чࣧӦϐӦΚीᆉǴ׳уΕख़ा߯ኧǴа্ؠཞѨำࡋϷ௱ؠा

ǴԶගଯਸࡌᑐޑނऐૈΚǴ҇ډޔ୯ 86 ԃᔼࡌϦթΑཥ

 ୯86҇ܭᑐᄬጇಃകಃϖȨӦΚȩǴ٠ࡌ߾ೕೌמᑐࡌޑހ

ԃ7 ДϦթऐीೕጄϷှᇥǴஒ܄ीाયΕीೕጄǴ٬

୯ϣࡌᑐނϐऐीளډၨᆒዴޑीྗ߾ǶΐΒӦѠύ

Ӧᆾڙᝄख़ཞѨǴၸᔠࡕǴஒӦϩख़ཥፓ٠ගଯीӦ

ϷीӦΚǴ҇ࡋуೲ߄ ୯ 94 ԃஒऐीவࡌᑐೌמೕ߾౽рǴ

ൂᐱऐीೕጄǴஒӦϩׯԋаໂᙼൂࣁՏޑ༾ϩǴу

Ε2500 Ӧӣᘜයޑமਗ਼ӦϷ߈ᘐቫޑ܄ԵໆǴࣁफ़եӦ

ΚޑቹៜǴΨቚӈ႖Ϸ෧࣬ޑᜢೕۓǶ 
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҇୯88 ԃǴѠӦวғ᭰Мೕኳ7.3 921ޑ εӦǶਥᏵ୯ϣ

ᏢޣϷࣴൂزՏჹܭӦύڙཞࡌᑐނϐፓǴନΑԴᙑࡂ܊җؒܭ

ԖऐीڙཞѦǴεҽڙཞࡌᑐނࢂҗࢂܭՐషӝࡌޑᑐނǴ

ኴࣁ۫܈ᒤϦޜ໔ǴલЮᕅᏛ႖໔ǴኴࣁՐӻ٬ҔǴкѾᕅᏛ

႖໔Ǵԋऐीג܌ኋޑ೬১ቫਏᔈǶԶՉݤೕ߾ႴᓰЬӧ

ᓬඁǴӢԜޑኴӦ݈य़ᑈڗ໔ȩٰඤޜܫȨ໒ޑᒏ܌ቫೕჄۭނᑐࡌ

ीрٰࡌޑᑐཱུܰނр೬১ቫਏᔈǴӛࡋࠂόೕޑ߾ݩǶԐ

යࡌޑᑐݤೕύाࡌᑐނѸӦय़᚛ኴǴኴᆶኴ໔рᚐ

ѦંסϷอࢊਏᔈԶᏤठ่ᄬཞᚯǶԶཞᚯޑচӢନΑࡼπࠔ፦ό

٫ѦǴϩ่ᄬނ҂่ᄬीᆉǴаϷԐය୯ϣऐीೕ٠ۓόֹ

ഢӢનϷीӦΚόىǴΨቚуΑ่ᄬނวғઇᚯޑёૈ܄Ƕ 

Չނᄬ่ࡋၠߏᑐᆶࡌǴຬଯޑᑐࡌܭԃٰǴҗ߈   

ਔǴԶჹܭଯኴ่ᄬԶقǴЬा่ڋᄬวޑӢનϸԶҗӦΚׯ

ЬाፐᚒǴѠч101εኴࢂ׳ӛᡂՏୁޑଯኴ่ᄬڋ॥ΚǴӵՖࣁ

ѭᏔȭ(Tuned Mass Damper, ១ጠTMD)ҔаߔуးΑȬፓᒋ፦ໆࢂ׳

 ॥ΚԋϐୁӛᡂՏǶלܢ
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1.1.1.1.2 2 2 2         Ўӣ៝Ўӣ៝Ўӣ៝Ўӣ៝    

    ӧଯኴ่ᄬނύǴӵՖԖਏୁלܢޑӛΚբҔࡌܭᑐނǴӵ॥Κ

ޑፐᚒǴӧπำৣޑঁख़ाࢂ౽ᄬഗᆄୁՏ่ڋӦၩǴ٠ک

ϩزࣴύǴёวΚᕅ่ᄬᡏسჹୁלܢӛΚڀԖࡐεޑଅǶ 

    ӧीΚᕅ่ᄬਔǴπำৣനதҔޑϩБݤǴଷΚᕅ่

ᄬࢂܭখ܄୷ᘵǴӵԜёаᙁϯኧᏢϩޑᜤࡋǴЪٰᇥ

ϩޑᆒዴ׳ΑளࣁᄬϷβᝆᕉნǴ่ޑਸډၶࢂǴՠाޑёՉࢂ

ЎύǴ२ӃଞჹޑǶӧϐᡂޑǴѬёૈाѐीᆉ୷ᘵ่݀

୷ᘵϩҗ Coull[1,2]ගрঁ୷ҁޑଷǺ୷ᘵԖᐱҥסᙯϷࠟ

୷ޔࠟکচǴҔаਢҹуᙯޑҔ᠄уࡕ፦Ǵฅ܄ޑޔ

ӦޑᜐࣚచҹǶӧᒿزࣴޑࡕύǴTso and Chan[3]߾ჹӕਔࠟޔ

ϷβᝆࣁՉ܄୷ᘵቸ༟ܭЗǴჹࣁǴԿҞز୷ᘵՉΑࣴޑᙯک

-่ᄬ࣬ϕբҔزࣴޑЎϝีࡐϿǴϐࡕ Pekau[4]߾௦Ҕ୷ҁೱុ

ࡕǶᒿࣁՉ܄ጕߚޑጠӝΚᕅӧኙԔ୷ᘵزϐፕٰࣴݤ Jason 

and Choowu[5] ߾ගрঁᚆණΚፕжඹаޑѳय़ᕅጕቸ܄

ፕ[6]ٰϩΚᕅǴӆҗ Jason and Nadjai[7]ஒፕҗጕቸ܄

ቶډቸ༟܄Ǵଷё༟܄ज़ܭೱௗᐉఉǶҁࣴࢂزа Tall Building 

Structure[8] ਜύಃΜകϐ coupled shear walls ϐϩۯ՜

ǴୖԵزϐࣴ܄ Coull, A.and Mukherjee[9]ፕǴଷ୷ᘵβᡣࣁ
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ቸ܄ǶϩΚᕅϐືΚǵΚǵંǵᡂՏ…่ፕǴ٠ុࡕϐ

Ƕ 

 

 ޑᆶҞޑᆶҞޑᆶҞޑᐒᆶҞزᐒࣴزᐒࣴزᐒࣴزࣴ   1.1.1.1.3333

 

        җЎύǴךॺёаวΚᕅёаԖਏӦගଯ่ᄬୁלܢނ

ӛၩख़ࡋࠂޑǴ٠Ԗਏ෧ϿୁՏ౽ǴҁࣴࢂزҗΓЎύۯ՜܄

ଯኴ่ᄬύ,Ъஒ୷ᘵβᝆଷܭܭуΕጠӝΚᕅࢂǴЬाزࣴޑ

வখ܄୷ᘵࣁׯቸ܄୷ᘵǴаೱុݤϩှǴ٬ள่݀ޑډΨૈ

 Ƕݩ಄ӝჴሞ׳
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ಃΒകಃΒകಃΒകಃΒക        Coupled Shear WallCoupled Shear WallCoupled Shear WallCoupled Shear Wallssss    ϐှኳࠠϐှኳࠠϐှኳࠠϐှኳࠠ    
    

    

2.1 2.1 2.1 2.1 ϩኳԄϩኳԄϩኳԄϩኳԄ    
 

 

 
 

 

 

ጠӝΚᕅୁڙ܍ӛѦΚբҔਔǴஒჹᛠኺԋԔϷࠟޔᡂՏǴ

ჹኺᆄԋંϷΚ，ኺޑΚሀډΚᕅਔǴ൩٬ளΚ

ᕅືڙ܍ΚǴӧ߆॥य़ڙ܍ΚǴङ॥य़ڙ܍ᓸΚǴԋჹΚଽǴ

җᓉѳᑽёޕǴѦΚԋޑM ，ஒϩձҗΚᕅં 1M ǵ 2M ϷΚ

ଽԋޑંNlלܢǴӵΠԄǺ 

 

1 2M = M + M + Nl  

 

 

 

კ 1.    Behavior of coupled shear walls 
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ᛠኺύЈᗺϪԾҗᡏ(კݮ 2)Ǵ٠ଷᛠኺύᚆණޑΚǵືΚǵ

ંёᙯඤԋೱុڄޑኧ n、q、m，ӢԜךॺёளޕΚᕅϐືΚ

 ǴӵΠԄډҗᛠኺϐΚҗӛΠᅌಕᑈளࢂ

 

H
Z

dN N =  q dz             q = - 
dz

⇒∫  

    

    

    

    

    

კ 2.    ΚᕅԾҗᡏკ 
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୷ҁଷ୷ҁଷ୷ҁଷ୷ҁଷǺǺǺǺ    

1. Κᕅᆶᛠኺ܄ޑ፦όᡂǴЪቫኴኴଯόᡂ 

 ѳय़ϝᆢࡕᄬᘐय़ᡂ่ޑԖ܌ .2

3. ᛠఉޑኙԔখࡋ bEI ᙯࣁਏখࡋ b
EI

h
 

4. ᛠኺύᚆණޑΚǵືΚǵંёᙯඤԋೱុڄޑኧ n、q、m 

5. Κᕅӧ࣬ӕଯࡋޑኙԔᡂࢂठޑǴ٬Κᕅڙ܍ϐં

ελஒᒿኙԔখࡋEI ελԶϩଛ 

6. ቫኴϐኴ݈ଷࣁখ܄ኴހ 

7. ଷᛠఉືܭӛࢂখޑ܄Ǵᛠኺό՜ߏᕭอ 

 

 

ϩБݤϩБݤϩБݤϩБݤǺǺǺǺ    

 БำԄᆶکҥᒋࡌှǴϩݤჹՏ౽ǴҔೱុ࣬ޑᛠఉύЈᗺڗ

Κ-Տ౽ޑᜢ߯ԄǴှᖄҥБำಔǴջёளΚᕅᚐѦڙ܍ϐືΚ

EIǵᛠኺࡋখޑӆϩձჹΚᕅࡕኧM(z)ǴฅڄኧN(z)ᆶંڄ
b

I Ϸ

βᝆࠟޔϸΚ߯ኧ
1

k ǵβᝆᙯϸΚ߯ኧ
2

k ॶ࣬ჹፕǶ    
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    ှှှှှှှှ  2.2  2.2  2.2  2.2

    ךॺڗᛠኺύᗺϐ࣬ჹᡂՏǴаືጕѓᆄ࣬ჹܭѰᆄ࣬ޑჹᡂ

ՏǴӛ҅ࣁޣǵӛΠॄࣁޣǶԶଞჹᛠኺύᗺϐ࣬ჹᡂՏΞёϩ

 ѤϩǴӵΠǺǴ୷ᘵᡂǵືΚᡂǵኙԔϷΚᡂᙯᡂࣁ

 

 

 

 

(1) аΚᕅύጕࣁύື܄Ǵ߾ᛠኺύЈᗺϐ࣬ჹᡂՏӵΠǺ 

1 21

b dy b dy dy
δ = ( + d ) +( + d ) = l

2 dz 2 dz dz 

 

 

 

 

 

 
 

 

 

圖 3. ᙯᡂ 
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(2) ӧqբҔΠǴҗӅ೫ኺݤளǺ 

3 3
3

2

b b b

qdz b qb h b h dN
δ = -2 ( ) = - =

3(EI /h)dz 2 12EI 12EI dz
 

 

 

 

 
 

 

 

(3) NբҔΠ 

0

1 1
( ) z

3

1 2

1
 N dz

E A A
δ = − + ∫  

 

 

 

კ 4. ኙԔǵΚᡂ 

კ 5. ືΚᡂ 
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(4) ୷ᘵᡂϩΞϩޔࠟࣁǵᙯٿϩǴ࣬ჹᡂՏӵΠǺ 

v4 θ bδ = -δ + l δ = δ
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

კ 6. ୷ᘵࠟޔǵᙯᡂ 
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ёஒॊѤϩࡺ႟(ೱុచҹ)Ǵܭᛠኺύᗺϐ࣬ჹᡂՏޕॺёך

่ӝԋኺύᗺϐ࣬ჹᡂՏᒋکచҹԄǴӵΠԄ:  

 

3
Z
0 v θ

1 2b

dy b h dN 1 1 1
l + - ( + )  N dz -δ + l δ = 0

dz 12EI dz E A A
∫  

 

ӆҗΚᏢϷኧᏢϐፕǴёޕ 

Ԕ 
2

2

d y

dz
κ =  

Ϸ 

Ԕ 
M

EI
κ =  

җკ 2.ϐԾҗᡏკǴёࡌҥΚ-Տ౽ϐᜢ߯ԄǴӵΠ: 

Wall 1Ǻ 

2

2
( )

H

z a1 1 1

d y b  
EI M M d   q dz M 

dz 2
= = − + −∫

 

Wall 2：
 

2

2
( )

H

z a2 2 2

d y b  
EI M d   q dz M 

dz 2
= = − + +∫

 

( aM (ᛠኺືΚჹΚᕅۭᆄύᗺϐંࣁ
 

่ӝԋǺ
 

2
H
z1 2 2

d y  E(I + I ) = M - l  q dz = M - lN  
dz

∫
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��
��
��
� 3

Z
0 v θ

1 2b

dy b h dN 1 1 1
l + - ( + )  N dz -δ + l δ = 0..............(1)

dz 12EI dz E A A
∫

2
H
z1 2 2

d y  E(I + I ) = M - l  q dz = M - l N.................................(2)  
dz

∫

� 

ஒԄ(1)ǵ(2)ᖄҥǴှ༾ϩБำಔ 

२ӃஒԄ(1)ჹ z༾ϩԛନதኧǴளԄ(3) 

 

2 3 2

2 2

1 2b

d y b h d N 1 1 1
l  + - ( + )N = 0......................................(3)

dz 12EI dz E A A
 

җԄ(3)ёளǺ 

 

2 3 2

2 2

1 2b

d y b h d N AN
= - +

dz 12EI l dz A A El
 

 

ϐࡕжΕԄ(2)ǴࡕԋঁN(z)ޑத༾ϩБำǴӵΠ: 

 

3 2

2 2

1 2b

b hI d N AI M
- + [1+ ]N =
12I l dz A A l l

 

 

Ԅύ 

    

2
2 b

3

12I l
α =

b hI
 

    
 

2

2

1 2

AI
Κ = 1+

A A l 
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And 
 

    1 2I = I + I  

    1 2A = A + A  

 

 :БำԄǴӵΠڋёளಃঁࡺ

2 2
2

2

d N α
- (Κα) N = - M

dz l
 

 

ќϩǺ 

ᖄҥှԄ(2)ᆶԄ(3) 

җԄ(2)ёޕǺ  

2

2

M EI d y
N = -

l l dz
 

 

༾ϩΒԛ 

 

2 2 4

2 2 4

d N 1 d M EI d y
= -

dz l dz l dz
 

 

ஒԄжΕԄ(3)Ǵёள y(z)ϐಃΒঁڋБำԄǴӵΠǺ 

4 2 2 2
2 2

4 2 2 2

d y d y 1 d M Κ - 1
- (Κα) = ( - (Κα) M)

dz dz EI dz Κ
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 թୁӛၩख़ਔਔਔਔ֡ڙթୁӛၩख़֡ڙթୁӛၩख़֡ڙթୁӛၩख़֡ڙ．．．．

 
 

 

 

 

 

ӵკ܌ҢǴୁӛၩख़ԋޑંڄኧӵΠ: 

    

2
ω(H - z)

M(z)=
2

 

 

аȹ҂߯ۓኧݤȹှಃঁڋБำԄ 

2 2
2

2

d N α
- (Κα) N = - M

dz l
 

 
 
 
 
 

კ 7 Κᕅ֡ڙթୁӛၩख़Ңཀკ 
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ёளΚᕅືΚڄኧǺ 

2
2

1 2 2 2 4 2 2
( ) cosh( ) sinh( )

2 2

H H
N z C z C z z z

l l l l

ω ω ω ω
α α

α
= Κ + Κ + − + +

Κ Κ Κ Κ
 

 

ჹ ( )N z ༾ϩԛǴёள 

(1 2 2 2

dN ω Hω
= C Κα)sinh(Καz)+C Κα)cosh(Καz)+ z -

dz Κ l Κ l
(  

and 

At z = 0 ,    2 2

dN Hω
= C (Κα) -

dz Κ l
 

 

ଛӝΠӈѤঁ Boundary ConditionǺ 

, 0At z H N= =  ........................ (4) 

3

0 , 2 0
12

v

b

b h dN
At z l

EI dz
θδ δ= − + =

 

......... (5) 

v

1

δ N(0)
=

2 k    

.............................. (6) 

1

2

M

k
θδ =         1

M - l N
( M = )

2
其中

 
......... (7) 
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ஒԄ(6)ǵ(7)жΕԄ(5)Ǵёள 

3

v2 θ2

b

b h Hω
[C (Κα) - ] - δ + 2lδ = 0

12EI Κ l
 

 а܌

3

b b
v2 θ3 3

12EI 24EI l Hω
C = δ - δ +

Καb h Καb h Κ αl
 

 ύځ    

         

2

v 1 4 2 2

1 1 1

2 2ω H ω
δ = C + +

k Κ α lk Κ lk  

    and
 

         

2 2

1θ 2 4 2

2 2 2

(Κ - 1)H ω l ω
δ = - C -

4Κ k 2k 2Κ α k
 

 

ΞҗԄ(4)ёޕǺ 

 1 2 4 2

ω
C = - C tanh(ΚαH) -

Κ α l cosh(ΚαH) 
 

ஒॊ่݀ࡕёԋঁѝ֖ 1C ϐБำԄǴࡺёள߯ኧ 1C ǵ

2
C 。 

 

 

 

 



 

17 
 

ӢԜǴךॺёளډΚᕅືΚڄኧǺ 

2
2

1 2 2 2 4 2 2
( ) cosh( ) sinh( )

2 2

H H
N z C z C z z z

l l l l

ω ω ω ω
α α

α
= Κ + Κ + − + +

Κ Κ Κ Κ
 

 ύځ

    

2 2 2

b b b b
1 5 3 3 3 3 3 3 5 3 3 3

1 1 2 2

24EI ω 12EI H ω 6(Κ - 1)EI lH ω 12EI lω Hω
C = [(- - + - - )

Κ α b hlk Κ αb hlk Κ αb hk Κ α b hk Κ αl
 

         
 

4 2

ω
tanh(ΚαH) - ] /  

Κ α l cosh(ΚαH)
1F  

 

         

2

b b

3 3

1 2

24EI 12EI l
= 1+ tanh(ΚαH)+ tanh(ΚαH)

Καb hk Καb hk
1F  

 

    
3

2

2 2 2 2

b b b b b
2 1 13 5 3 3 3 3 3

1 1 1 2

24EI 24EIω 12EI H ω 6(Κ - 1)EI lH ω 12EI l
C = C + + - + C

Καb hk Κ α b hlk Κ αb hlk Καb hk Καb hk
 

        b

5 3 3 3

2

12EI lω Hω
+ +
Κ α b hk Κ αl

 

 

βᝆࠟޔᡂ:    

2

v 1

4 2 2

1 1 1

Cδ ω H ω
= + +

2 k Κ α lk 2Κ lk
 

 

βᝆᙯᡂ: 

2 2

1θ 2 4 2

2 2 2

(Κ - 1)H ω l ω
δ = - C -

4Κ k 2k 2Κ α k
 

 



 

18 
 

ӆаȹ҂߯ۓኧݤȹှಃΒঁڋБำԄ 

 

4 2 2 2
2 2

4 2 2 2

d y d y 1 d M Κ - 1
- (Κα) = ( - (Κα) M)

dz dz EI dz Κ
 

 

ӕǴёளΚᕅᡂԔጕڄኧǺ 

2 2
4 3

4 53 6 2 2

(Κ - 1)ω (Κ - 1)Hω
y(t)= C +C z +C cosh(Καz)+C sinh(Καz)+ z - z

24Κ EI 6Κ EI
  

     
2 2

2 2

4 2 2

ω (Κ - 1)H ω
- z + z

2Κ α EI 4Κ EI
 

 

 ύځ

    53C = - C
 

    
4 4 2

Hω
C =

Κ α EI
 

    
5 6 6 4

ω
C = -C tanh(ΚαH)+

Κ α EI cosh(ΚαH)
 

    

θ 4

6

δ - C
C =

Κα
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ǷǷǷǷڙॹΟୁفӛၩख़ਔڙॹΟୁفӛၩख़ਔڙॹΟୁفӛၩख़ਔڙॹΟୁفӛၩख़ਔ
 

 

 

 

 

 

 

ӵკ܌ҢǴॹΟୁفӛၩख़ԋޑંڄኧӵΠ: 

 

2
3 2ω 3Hω 2H ω

M(z)= - z +ωz - z +
6H 2 3

 

 

аȹ҂߯ۓኧݤȹှΠॊϐ༾ϩБำԄ 

2 2
2

2

d N α
- (Κα) N = - M

dz l
 

 

 

 

 

 

 

კ 8 ΚᕅڙॹΟୁفӛၩख़Ңཀკ 
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ଛӝΠӈѤঁ Boundary ConditionǺ 

, 0At z H N= =  

3

0 , 2 0
12

v

b

b h dN
At z l

EI dz
θδ δ= − + =  

1

2 (0)
v

N

k
δ =  

1

2

M

k
θδ =         1

M - lN
( M = )

2
其中  

 

ӕǴёளΚᕅືΚڄኧǺ

 
3 2

1 2 2 2 2

ω ω 3Hω
N = C cosh(Καz)+C sinh(Καz) - z + z - z

6Κ Hl Κ l 2Κ l
 

 

     

2

4 2 2 4 2

ω 2H ω 2ω
- z + +
Κ α Hl 3Κ l Κ α l

 

 

 ύځ

    

2 2 2

b b b b
1 3 3 5 3 3 3 3 5 3 3

1 1 2 2

16EI H ω 48EI ω 8(Κ - 1)EI lH ω 24EI lω
C = [(- - + -

Κ αb hlk Κ α b hlk Κ αb hk Κ α b hk
 

         
3 5 3 4 2

3Hω ω ω
- - ) tanh(ΚαH) - ] /  

2Κ αl Κ α Hl Κ α l cosh(ΚαH) 1F
 

 

    

2

b b

3 3

1 2

24EI 12EI l
= 1+ tanh(ΚαH)+ tanh(ΚαH)

Καb hk Καb hk
1F

 

 

 



 

21 
 

    

2 2 2

b b b
2 13 3 3 5 3 3 3 3

1 1 1 2

48EI ω24EI 16EI H ω 8(Κ - 1)EI lH ωbC = C + + -
Καb hk Κ αb hlk Κ α b hlk Κ αb hk

 

          

2

b b
13 5 3 3 3 5 3

2 2

12EI l 24EI lω 3Hω ω
+ C + + +
Καb hk Κ α b hk 2Κ αl Κ α Hl  

 

βᝆࠟޔᡂǺ 

2

v 1

2 4 2

1 1 1

Cδ 2H ω 2ω
= + +

2 k 3Κ lk Κ α lk  

 

βᝆᙯᡂǺ 

2 2

1θ 2 4 2

2 2 2

(Κ - 1)H ω l ω
δ = - C -

3Κ k 2k Κ α k  
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ӕǴှಃΒঁڋБำԄ 

4 2 2 2
2 2

4 2 2 2

d y d y 1 d M Κ - 1
- (Κα) = ( - (Κα) M)

dz dz EI dz Κ
 

 

ёளΚᕅᡂԔጕڄኧǺ 

 

2 2
5 4

4 53 6 2 2

(Κ -1)ω (Κ -1)ω
y(z)=C +C z+C cosh(Καz)+C sinh(Καz)- z + z

120Κ HEI 12Κ EI
  

 

2 2 2 2
3 3 2 2

2 4 2 2 2 2

(Κ - 1)Hω (Κ - 1)ω ω (Κ - 1)H ω
- z - z - z + z

4Κ EI 6Κ α HEI Κ α EI 3Κ EI
 

2
2

4 2

(Κ - 1)ω
+ z
Κ α EI

 

 ύځ

    53C = - C  

    

2 2

4 4 4 6 4 2 2 4 2

ω (Κ - 1)ω 3Hω 3(Κ - 1)Hω
C = - + -

Κ α HEI Κ α HEI 2Κ α EI 2Κ α EI
 

    
4

2

5 6 4 4 6

ω (Κ - 1)ω
C = -C tanh(ΚαH)+ -

Κ α EI cosh(ΚαH) Κ α EI cosh(ΚαH)
  

    

4θ

6

δ - C
C =

Κα
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ಃΟകಃΟകಃΟകಃΟക        ኧॶϩኧॶϩኧॶϩኧॶϩ    
 

3.3.3.3.1111        ኧॶኧॶኧॶኧॶଷኳࠠଷኳࠠଷኳࠠଷኳࠠ 

     ҁЬाࢂϩӧቸ܄୷ᘵϐጠӝΚᕅǴӧόӕϐచҹݩ

ΠǴୁڙӛၩख़ࡕϐΚᏢϸᔈ่݀Ƕ 

    ஒҗಃΒകှԶளϐΚᕅືΚڄኧN(z)ᆶᡂڄኧ y(z)ϐ

่݀Ǵаᕴଯ 100 M 25 ቫޑጠӝΚᕅ่ᄬǴڙ܍ॹΟفϐୁӛ

ၩख़ਔǴΕჴሞୖޑኧǴ٬Ҕ matlab ำԄ೬ᡏѐᛤკϩ่࣮݀

ԖՖόӕǴ٠уаፕϐǶ 

 

୷ᘵୖኧǺ 

షᏉβம2 ࡋ'f = 280 kg/cmc  

Κᕅ2 ࡋߏd = 500 cm 

Κᕅࡋࠆ  t = 20 cm 

ኴଯ  H = 10000 cm 

ቫኴଯ  eh = 400 cm 

ೱኺࡋߏ  b = 300 cm 

βᝆϸΚதኧ 1k 、 2k  = 10000 kg/cm2  (࣬ ჹ୷ྗ) 

ᛠኺ Ib = 3645000 cm4  (࣬ ჹ୷ྗ) 
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ϐךࡕॺЬाଞჹѤঁϩՉፕǴӵΠǺ 

(1) Ҕ୷ҁୖኧǴଷΚᕅࢂ০ပܭখᡏЪڙॹΟف

ϩթΚਔǴ٠а 60cm�90cm дచҹࣣ࣬ӕǴځᛠኺೱௗǴޑ

࣬ϕКၨጠӝΚᕅᆶΚᕅୁڙӛၩख़ਔϐୁӛᡂՏϐ

 ΚǶૈڋ

(2) ᅌቚуΚᕅϐ EI ॶਔϐϸᔈǶ 

(3) עᛠኺϐ Ib  ᅌᕭλǴ٬Κᕅϐጠӝਏᔈᅌ഼Ѩਔ  

     ϐϸᔈǶ  

(4) עβᝆϐࠟޔϷᙯϸΚ߯ኧӕਔܫεਔǴ٬βᝆᅌᖿ  

     ӛখᡏਔϐϸᔈǶ 

 

ኧᏵ่݀Ǻ 

1ǵ җკ.9 ёܭޕଯኴ่ᄬύуΕጠӝΚᕅ่ᄬਔǴ࣬ၨܭ

ΚᕅǴୁܭӛᡂՏԖܴᡉڋޑǴᇥܴጠӝΚᕅҔٰלܢ

ୁӛၩख़ዴԖ׳ӳޑਏ݀Ƕ 

2ǵ ፓΚᕅϐኙԔখࡋEI ॶᅌܫεਔǴёаளډ൳ঁ่ፕǺ 

(1) җკ.10 ёޕǴךॺעΚᕅϐኙԔখࡋ EI   εਔǴܫ

ΚᕅҁيჹܭኙԔૈלܢޑΚᡂமǴ٬ளӢጠӝբҔԶ

ԋϐືΚϸԶ෧λǶ 
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(2) җკ.11 ёޕΚᕅ EI ϐຫεਔǴኙԔࡋࠂຫεלܢ

ୁӛၩख़ૈΚຫӳǴࡺՏ౽ຫٰຫλЪᅌԏᔙԿۓ

ॶ Ƕ 

(3) җკ.13 კёޕǴۘคܴࡐډפݤᡉϐೕ߾Ǵѝวᡂ

 ᖿ༈ǶޑԔጕϐϸԔᗺԖΠफ़

 

3ǵ ෧λᛠఉޑᘐय़ኳኧ IbǴᅌᕭλ٬ϐᖿܭ߈႟ਔǴջж߄

ΚᕅጠӝբҔᅌफ़եǴനಖคጠӝਏ݀Ǵёаளډ൳ঁ่

ፕǺ 

(1) җკ.14 ϐືΚკёޕǴךॺעᛠኺϐ Ib ᅌ෧λԿ႟

ਔǴ߾Κᕅ໔ጠӝբҔᅌ഼ѨǴΚᕅϐືΚΨᅌ

ᖿܭ႟ǴΚᕅΚᏢՉࣁϸԶᖿӛᝌᖉኺኬǶ 

(2) җკ.15 ϐᡂڄኧკёวځᡂԔጕᆶᝌᖉኺ

ᡂԔጕԖ܌рΕǴϩࡕزࣴǴዴࢂۓ୷ᘵβᝆϐϸ

Κ߯ኧ๏ۓϼλǴϸԶӢ୷ᘵ؈ഐϷᙯᡂࠠၸεǴ٬่

ᄬނวғॹϐݩރǶ 

(3) Κᕅ໔ϐᛠኺ Ib ᅌᕭλǴځՉࣁຫٰຫᖿӛᝌᖉ

ኺǴҗკ.17 ϐΚᕅޑંკΨёϕࢀࣁǶ 
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4ǵ ךॺӕਔܫεβᝆϸΚ߯ኧ 1k 、 2k ਔǴж߄୷ᘵβᝆຫٰຫ

ฯǴനಖᖿӛখᡏਔǴёаளډ൳ঁ่ፕǺ 

(1) ҁϩЬाӆፕǴךॺஒβᝆϸΚ߯ኧ 1k 、 2k ॶᅌ

уε٬βᝆଷࣁখ܄ਔǴ่݀ځԖ࡛ኬϐᡂϯǴӵႣ

βᝆϐᡂໆᄌᄌ෧λԿ႟ (߄Ο)Ƕ 

(2) җკ.19 ёวךॺஒβᝆ kॶᅌܫεਔǴჹܭΚ

ᕅϐᡂԔጕቹៜόεǶ 

(3) җკ.18 Ϸკ.21 ёวΚᕅϐંܭ߈୷ᘵӦՏ

ஒᒿβᝆϸΚ߯ኧޑуεԶቚуǴךॺёаှځࣁ୷

ંϐڙ܍ᜐࣚచҹҗόёޑۭ hinge ᙯᡂԋёڙ܍

ંϐڰᆄǴ܌а୷ۭϩޑંωΞቚуޑᖿ༈ǴԶҗ

ԜёΨёϸ୷ۭືΚᅌᕭλΨࢂӝޑǶ  

 

 

 

 

 


