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※考生請注意：本試題可使用計算機。 請於答案卷（卡）作答，於本試題紙上作答者，不予計分。

The common ways to repair fracture bone are internal and external fixations. The materials used for the 

purpose are (1) stainless steel (E=200GP白， Yielding st陀ngth= 300MPa, Tensile strength=400MPa), (2) Co-Cr 

alloy (E=21βG旬， Yielding strength= 400MP司， Tensile st陀ngth=SOOMPa）。「（3) Ti alloy (E=110 G肉， Yielding

strength= SOOMPa, Tensile st陀ngth=600MPa). It is important to maintain the stability at fracture site. In th巴

folio叫in喧 2 internal fixations and one external fixation, let’s discuss the following mechanics of materials 

questions. When people at stand phase’。ne leg needs suppo此 about 1/2 of body w官i也ht and the load may 

increase to 3 body weight during runni時﹒ If the patient is 洶地 male. Please answer the following question. 
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External Fixation 

(c) 
1. When the internal fixation {b} is used for this patient, assuming the「e is no friction between the 

intramedullary rod and bone, the distance between two c口nnecting pins is .20 cm. The gap at fracture site is 1 

mm. What size {diameter in mm}of rod needed in order to orevent the bone fragment contact du「ing running 

phase {3 body weights) by the deformation of intramedullary rod for the materials by stainless steel and Ti 

alloy respectively? Comparing internal fixation {a} and external fixation {c}, please describe what 

characteristics of 叮nechanics of materials’, behind these two designs? {20%} 

2. Fo「 external fixation, 

r30mm 
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{A) We consider single pin's loading first. If the pin is 30 mm in length. What are the deflections at end of pin 

for the pin by 4 mm stainless steel and 呈且且工迫包芷 during running? What’s and where the principal stress 

on the pin? (15 %) 

{B) Ne吭 we consider the deflection and loading on the Co-Cr allo咿 plate (20 mm in width and 8 mm in 

thickness). Supp的e each pin sha陀 1 body weight (1 BW) during loading. What's the deflection at middle of 

plate? What’s the maximal st陀ss at the plate?{a= Mc/I﹔但bh3/12 for rectangl巴， I = 7[ r4 /4 for circle) If the 

materials 陀placed by Ti allo札 what is the maximal st陀ss at the plate? Which one (Ti or Co-Cr alloy) has higher 

factor of safety {n = li凹sile stress/ stress under loading) (15%) 
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3. Ux = 100 MPa’。y = -20 MPa, <xy= -10 MPa 

Using Mohr's circle, detem也ie (a）也B p也icipal s甘的ses and (b）由晦 maximum shear stresses and associa紀d

normal s包esses. Show all resul包 on sketches of properly orien紀d elements. (C)Determine the normal叫sh甜

甜·esses acting on a seam oriented at 組 angle 3 o0 of to the element, as shown in the second part of伽 figure.

( d) Draw the Mo祉，s circle for (1）四註axial t巴拉si!e loading, (2) biaxial loading for 你〉 σ•y (3) biaxial load旭皂白

= uy(4) pure shear respectively. 。。%）

4. A pressurized steel ta且k is cons仕ucted wi也 a helical weld that makes an angleα ＝55° with the 

longitudinal 依is (see figure）.τ'he t臼Jk has radius r = 0. 6 m, wall 吐rickness t = 18 IIllil, and internal pressure p 

= 2.8 MPa. Also，也.e steel has modulus of elasticity E = 200 GPa and Poisson’s ratio v = 0.30. 

De ten啞的也E following quantities for也.e cylindrical part of the tank. 

(a) The circu血fere且.tial and longitudin且l s仕esses.

。） Them做出.um in-plane and out”。ιplane she缸 stresses.

(c) The circu血f巴：rential 組d longitudi且.al str厄ns.

作aσ、s, ＝益（2 －吋 e2 ＝言（ l - 2v) 

(d) The normal and sh間 stresses ac由ig on planes parallel and perpendicul訂 to 位ie weld (show 血ese stress巴3

Helical weld 

on a proper! y oriented s甘ess element). (20 % ) 

5. A solid circul訂b缸。fdi缸neter d =50 IIllil (see figure) is twisted in a testing machine until the applied torque 

reaches the value T = 500 N .m. At 也is value of torque, a str位n gage oriented at 4 5。 to the axis of the b位

gives a readingε ＝ 339X l。而. What扭曲e shear modulus G of the material? (10%) 
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些o:50rnm可阻e T=5句N·m
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