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ne sozreufsE .5 olutpaCsagiv ne etnanoixelf otnemom y etnatroc azreuF .4 olutpaCnisroT .3 olutpaCelpmis nicamrofeD .2 olutpaCelpmis ozreufsE .1 olutpaC:ODINETNOC.oreca ed selifrep y selatem ed salbat ,aicreni ed sotnemom raised for the realization of the student SOLUTIONARY RESISTANCE OF MATERIALS U.T.P.L. 2008 SOLUTIONARY OF
RESISTANCE OF ENGINEERING MATERIALS CIVIL Singer Ferdinand L, Pytel Andrew; Material Resistance, introduction to solid mechanics; fourth edition. Karen A. Romero M. U.T.P.L.1 24/07/2008 U.T.P.L. MATERIAL RESISTANCE SOLUTIONARY. PARTICULAR TECHNICAL UNIVERSITY OF CIVIL INGENIERY CHAPTER I ESFUERZO SIMPLE
103. Determine the maximum W weight that can support the cables shown in the P-103 figure. Efforts in AB and AC cables should not exceed 100 MPa, and 50 MPa respectively. The cross-sections of both are: 400 mm?2 for AB cable and 200 mm?2 for AC cable.rB =1rB = ¢ = TEB 200m2 100MPa = TAB 400M?2 x106 (100)(400)MN 106 TB = 40kN 109.
In figure P-109 is shown part of the landing gear of a plane. Determine the compression effort in the AB tornupon produced when landing by a R=20 field reaction. KN. AB forms an angle of 53.1° with BC. ¢ MB = 0 R(0.65) + TEB (sen 53.13°)(0.45) = 0 20(0.65) + TEB(0.36) = 0 TB = 36.1 kN rB = 36.13 kN 5.5x10-4m2 rB = 65.72 kN/m2 AARIO
U.T.P.L. 112. Calculate the weight of the heaviest cylinder placed in the position indicated in the P-112 figure, without exceeding the 50MN/m2 effort on the BC cable. Depreciate the weight of the AB bar. The BC cable cross-section is 100 mm2. (50x106N/m2)(1x10-4m 2) = 5kN cos8 = 6 10 8 = 53.13° sen 53.13° = 0.80 cos 53.13° = 0.6) M Ae =0
4000(10) = 4(F) FIST = 10000 ) Fy = 0 W = 0.6(10000) W = 114000N //sol 3 You want to puncture a plate, as indicated in figure 1-10c, which has a final cutting effort of 300 MPa. (a) Yeah. D 2)62( + 2)2.64(AA = D Nk62 = yD )°AA06nes(03 = yD .L.P.T.U SELAIRETAM ED AICNETSISER ED OIRANOICULOS 7 0 = yF ) Nk2.64 = sD Nk)51 + 2.13( =
sD )42.0()°AA06nes(03 + P =sD 0 = sF ) Nk2.13 =P 42.6 = g2.00 = )42.00)°AA06nes(03 AA¢A )2.0(P 0 = DM ) 2m/NMO001 = to ?=D )a( .ortemiAAid ed mm 02 ed ,D ne odautis rodasap le ne etnatroc ozreufse le enimreteD )b( .2m/NM 001 a odatimil iAAtse lamron ozreufse le is BA arrab al ed ortemiAAid le enimreteD )a( .oirbiliuge ne iAAtse 811-P
arugif al ne atneserper es euq adadoca acnalap alL .811 .L.P.T.U SELAIRETAM ED AICNETSISER ED OIRANOICULOS 6 los// mm2.14 = ¢ m32140.0 = ¢ 103.34 = )c(0501 )c(m051.0 = 2m/Nk301x7 °AA03s0cNk05 bA bP B = r Nk103.34 = XP °AA03s0c05 = XP 2m/Nk301x7 = .aPM7 = Br )b(los// mm123 = bm123.0 = b 72.10334 = )b(000531
)b()m051.0( N72.10334 .L.P.T.U = 2mAA¢AN 301x009 SELAIRETAM ED AICNETSISER ED OIRANOICULOS 5 )b()m051.0( )N45.20668(°AA03nes = 2m/N301x009 AV =r N45.20668 = V 0 = )301x05(668.0 AA¢A V5.0 0 = 03socP AA¢A 03nesV 0 = XF ) °AA03 nes b 051 =A N301x05 = P 2m/N301x009 = r )a( .aPM 7 ed redecxe ebed on otcatnoc ed
ozreufse le is ¢ n3AAisnemid al n©AAibmat eluclaC )b( .aPk 009 ed se elbisimda etnatroc ozreufse le is b n3AAisnemid al enimreted )a( ,otneimazor le odnaicerpseD .aredam ed arudamra anu ed esab al y etnarit nu ed n3AAinu al artseum 511-P arugif .511 .los// m 030.0 = D aPM003 n2D001 = )10.0(Dn )2( = )1( aPM003 )2( n2D001 r VAV .L.P.T.U =A
=A =r SELAIRETAM ED AICNETSISER ED OIRANOICULOS 4 ) A 2D n (aPM 001 1 =P A .P = P Dn001 =V Dn001 = P )1()10.0(Dn = VA tDn = VA )b( m330.0 = t )61413.0()aPM003( NM6141.3 t61413.0 NM6141.3 =t = aPM003 AV =r NM6141.3 = VNM6141.3 =P 4 2 )m1.0(n x .aPM004 = P t61413.0 = VA tDn = VA )a( .esranoznup edeup euq
ortemjAAid omixjAAm le eluclac ,mm 01 ed rosepse nu eneit acalp al iS )b( .ortemjAAid ed mm 001 ed oicifiro nu ranoznup redop arap acalp al ed rosepse omixjAAm le enimreted ,aPM 004 se n3AAznup le ne elbisimda n3AAiserpmoc ed 53kn a4 ¢ A€ 4444€x104¢A€4“4dm22nr="7.05x108¢A4€4“3md=2rd=0.01410m (1000mm/1m) d =
14.10mm (b) // Sol &"a a” =? 8 Materials Resistance Solution R =R =R = U.T.P.L. Vat 53.0 N (0.02) 2 4 53.0 3.1415x10d ¢ a€ & “4 r = 168.7mn/m2 // Sol 119. The mass of the homogge bar © nea ab shown in Figure P-119 is 2000 kg. The bar is supported by a b bolt in B and by a smooth vertical surface in A. determines the diameter of the most
small bolt fa; limited to 60 MPa. The detail of the support in B is IDAfA © to the support b shown in Figure P-118 W = 2000 (9.8) W = 19600n) MB =0as (8)a¢ a€ a€ 19600 (3) = =0 AS = 7350N) fs = 0 Bs = As Bs = 7350n) Fy = 0 By = W By = 19600n B = 1 4 '(7350) 2 + (19600) 2 B = 20932.81N 9 SOLUTIONARY OF STEAT OF MATERIALS
U.T.P.L. V=20932.81INr=vavat =r20932.81n at = 60x106n/m2 at = 3.49x10a ¢ a4 € & “6m2, 2 gasators at = 2 (gasator) passionate =at2at2=nr2r=jr=jr=jr=jr=jr=jr=jr=jr=jr=jr=jr=jr=Jat2n3.49x10d¢a€a “dm22nr=7,4529x104 ¢ a€ a“3md=2rd =2 (7.45x104¢a€ a€ “3m)d = 0.0149m (1000mm/1m) D =
14.9mm // Sol 10 Materials resistance solution U.T.P.L. 120. Two pieces of wood, 50 mm wide and 20mm thick indicates Figure P-120. (a) Applying the ideas that are expressed in Figure 1-4, determine the shear force and shear stress in the union if P = 6000 N. (b) Generalize the procedure to demonstrate that the shear stress in a section fa%in
inclined an ageer EZa, with respect to a transverse section of dgeworth Ps = 6000Sen60A,4 ° Ps = 5196.1524 Py = 6000c0s60A, ° Py = 3000 50 sen604,4 ° = zz = 57.74mm a = bxh a = 57.74 (20) A = 1154.80mm?2) fy = 0 600c0s604 ° = V'V = 3000N R = R = // SOL V A 3000N 1154.80x104 ¢ 4 € 4 “6 m2 11 Material resistance solution R =
2,598MPA. U.T.P.L. // Sol (b) ps = psen8 = Pcos8 sen8 = c= A= a c a sen8 ab sen8 sen28 = 2co0s8sen8 r=V A Pcos8 r = ab sen8 r = r= Pcos8sen8(2) ab(2) P2sen8 2SU L.Q.D 12 AUTERIAL RESISTANCE SOLUTIONARY U.T.P.L 132. A pressure cylindrical container is made of steel plates that have a thickness of 20 mm. The diameter of the container
is 500 mm and its length is 3 m. Determine the maximum internal pressure that can be applied to you if the steel effort is limited to 140 MPa. If the internal pressure is increased until the vessel fails, outline the type of fracture that would occur. t = 0.02m D = 0.5m L = 3m oL = 140x103kN/m2 F oL = A gDL = 2tL oL = g= g= g= gd 2t D 140x103(2)
(0.02 0.5g =11200 kN/m2 g = 11.20 MPa. For cylinders in which the pair has a thickness equal to or less than a tenth of its inner radius, the medium dry effort is equal to the maximum effort that appears on the inner surface of the cylinder: 1 10 (0.25) = 0.02 € 0.025 13 SOLUTIONARY OF RESISTANCE U.T.P.L 134. A cylindrical tank of vertical eye
water has 8 m in diameter and 12 m in height. If it is to be produced to the edge, determine the minimum thickness of the plates that make up it if the effort is limited to 40 MPa. r = 40x106N/m2 and = geso sgecifico t = sgesor =? y = P. g and = 1000Kg/m3 (9.8m/s 2 ) and = 9800N/m2 g =yfg =9800 N = 117 m3 == D 2t 2 (117600N/m (8m 40x10
N/m = 2t = 0.01176 mm) U.T.P.L 135. In the cylindrical tank of figure 1-16 the resistance of the longitudinal joints is 480 kN and the transverses, of 200 kN. If the inner pressure is to be 1.5 MN/m 2, determine the maximum diameter that can be given to the deposit. g = 1.5x103kN/m2 g. r ot = t = 200kN/m t. ot = 480kN/m t.ot =g.r=t. ot g
480kN/m 1.5x103kN/m2r = 0.32r=D =2rD = 0.64 m ot = g. r 2t 2t. ot = g. r r= r= 2t. ot g 2(200 kN/m) 1.5x103kN/m2 r = 0.267m D = 2r D = 0.53 m //sol La resistencia interna admisible imprime de la resistencia de las juntas longitudinales 15 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. UNIVERSIDAD TAACNICA
PARTICULAR DE LOJA ESCUELA DE INGENIERAAA CIVIL CAPAATULO II DEFORMACIAAN SIMPLE 204. Una barra prismAjAtica de longitud L, secciA%An transversal A y densidad p se suspende verticalmente de un extremo. Demostrar que su alargamiento total es MgL PgL2 , llamando M a su masa total demostrar que tambiA©An A°A = A°A= 2E
2AAEa)q=mrm=qrm=qAyW=m gW=F = q.Ay.gP.LA Eq.A.y. gdy A°A=A. EqgLA°A=AAydyEOLqgy2A°A=[]E2dydA°A =qgl2A°A=[]E2q.g. L2 A°A=2EDb) A°A =0 q.g.L2 AA2E () AAA. q.g.L2,2AE M. g. LA°A = 2AE A°A = L. Q. Q. D AgL = M L. Q. Q. D 16 SOLUCIONARIO DE RESISTENCIA DE MATERIALES
U.T.P.L. 205. Una varilla de acero que tiene una secciA3An constante de 300 mm y una longitud de 150 m se suspende verticalmente de uno de sus extremos y soporta una carga de 20 kN que pende de su extremo inferior. Si la den51dad del acero es 7850 kg/m3y E = 200 x 10 ¢AAA 3 MN/m2, determinar el alargamiento de la varilla. IndicaciA3An:
Aplique el resultado del problema 204. A = 300 mm2 = 0.0003m2 L = 150m W = 20kN = 20x103N = 2040.82Kg ga = 7850kg/m3 Ea = 200x103MN/m2 = 200x109N/m2 M = AqL M = (0.0003)(7850)(150) M = 353.25 Kg A°A = A°A= q. g. L2 2E (7850)(9.8)(150)2 2(200x109) A°A = 0.004327m A°A = 4.33mm A°A= A°A= Sol. M. g. L 2AE (353. 25)(9.8)
(150) 2(0.0003)(200x109) A°A = 0.004327m A°A = 4.33mm Sol. 17 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. 207. Una llanta de acero, de 10 mm de espesor, 80 mm de ancho y de 1500 mm de diAjAmetro interior, se calienta y luego se monta sobre una rueda de acero de 1500.5 mm de diAjAmetro. Si el coeficiente de fricciA3An
estAjAtica es 0.30, AcAquA©A par se requiere para girar la regarding the wheel? Depreciate the deformation of the wheel and use E = 200 GPa, Plain: t = 10mm = 0.01lm d = 80mm = 0.08m D = 1500mm = 1.5m Wheel: D = 1500.5mm = 1.5005m = 0.30 T =? E = 200x109N/m2 209. A 160 mm2 constant section aluminum rod supports axial forces
applied in the points indicated in the figure. Yes E= 70GPa. Determine the length or total bar shortening. = = 10x103(0.8) 160x104a s bbbbc(70x109) a
smbbbbbbbbbbbbbbblblblblblblb0b0b0b0b0b0b0b0b0b0bOb0b0bObObObObObObObObObObObObObObObObObObObOb0bObObOb0b0bOb0b0b0bOb0b0bObOb0b0bObObOb0bObOb0b0bObObOb0bObOb0b0bObObOb0bObObOb0bObObObObObObObObObObObObObObObObObO 15 KN PAl 10KN PAIl 35 KN 210. An aluminium tube is attached to a steel rod and
another bronze rod, as indicated in the P-210 figure, and supports axial forces in the signs. Determine the value of P with the following conditions: The total deformation must not exceed 2 mm, nor the tensions must exceed 140MPa in steel, 80MPa in aluminium or 120MPa in bronze. The set is supposed to be conveniently insulated to avoid panding
and that the elasticity modules are 200x103MPa for steel,70x103MPa for aluminum and 83x103MPa for bronze. ## # #HHHHHHH BB BB BB HHHHHHHHHHHHH BB BBB BB BB HHHHHHHHHHHHBBBBBBBB BB BB BB HHHHHHHHBBBBBB BB BB BB HHHHHHHHHBBBBB BB BB HHH##### X 140 MPa. 140MPa = that is the limit 2P 300x104 |6 P
= 0.021MN P = 21kN 80MPa = 2P 600x104 {1 P = 24kN 120MPa = 3P 450x10a€1/4/4/4/4/4/Aal/Aal/Aal/Aal/Aal/hal/Aal/Aal/Aal/Aalalalalalalalalalalalalalalalalalalalalalal8kn Sol. 20 Materials Resistance Solution U.T.P.L. 211. Two AB and CD bars that are supposed to be absolutely unlocked are articulated in A and D and separated into C
by a roller, as indicated by figure P-211. In B, a steel rod helps support the 50 kN load. Determine the vertical displacement of the roller located in C. 50 KN AB D C E = 200x109n/m2 TA = 300mm2 L. =3m BAa ¢ a"a ‘Mafat=025KN T (3)4.5) =050KN T = 37.5 KN C D) MD = 0 50 (2) Of materials Enge = dge ° = U.T.P.L. PL AE (37.5) (3)
300x10a ¢ a€ a “6 (200x109) af ° = 0.001875m by similarity of 4 ¢ d"atsd¢a€a€my=3m0.001875m 3y = 0.0084375y = 0.002812m y = 2.81mm Sun. 212. A Prismafatico de Concrete m mass m must be suspended from two rods whose lower ends are at the same level, as indicated in Figure P-212. Determine the relationship of the rod
sections, so that the block is not uneven. Aluminum E = 70 GPAL =6m af °Efat = Ef°Efat 1 Qafat. Lafat qafa t1. LAfat1 = adfat. EAfatadfat1. EAfat123w (6)5w(3)=5¢a€a“2=(514x10 W) Aafa t adfa t1 = 8.57A&fa t adfa 11 = 8.57 Sol. Tal a t W 22 SOLUTIONARY OF STEED OF MATERIALS U.T.P.L. 213. The river bar AB, holds two
vertical rods as shown in Figure P-213, is in horizontal position before applying the load P. If p = 50kn, determine the vertical movement of the bar. ALUMINUM E = 70 GPA L = 4m A = 500 mm4,a? Steel E = 200 GPa L = 3m A = 300 mm3,a% a b )? = 30 KN 30 KN 20 KN 50 KN 23 Materials resistance solution Lafa t aafa t. Eafa t = qafa + 1. Lafa t1
age ° Efat 1 = Aafa t1. E&fa 1130000n (3m) 300x104 ¢ 4 € & “6m2 (2x1011n/m2) = U.T.P.L. = 0.0015m = 1.5mm 20000N (4m) 500x10a ¢ 4 € & “6m2 (7x1010n/m2) = 3 m = 2.29mm mor. rertical = 2.29 4 s 1.5 mor. rertical = 0.79 mm Sun. 215. A L-length rod and circular section has a diameter that varies linearly from D to one end to the other.
Determine the lengthening that will produce a P-tight force. D=2z =and L & D & D = 2d = 2z + d {\cHFFFFFF}{\cHFFFFFF}{\cHFFFFFF00} = (a+ bn)n+1b(n+ 1)+ c=2n&[(D=D=D=D=D=D=2=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D)=D=D=D=D=D=D=D=D=D=D=D
=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=D=#1L4q(ay+d)#=[InEa(ds)0°=°=4qnE4gnE[asmark[dsmarklla(ay+d)lad+a2L]0+1ad]l4gdd=d2d=d
=d = d 216. A L-length rod and constant straight section, located on a horizontal plane experiences a rotation around a vertical axis that passes through one of its ends called q to density and w at angular speed. Demonstrate qw3L3 that the total lengthening of the rod is given by = 3E W dx q= m = qr r = Ax m = . Ax 25 REQUIREMENTARY OF
MATERIALRESISTANCEr—Las¢—¢U¢U¢U¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢(La¢U¢U)w2(dx)2day A.Eday = ¢U =qw2x2 (Lx &4 ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U
¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U0° =1 = gw2 L3 L3 (aE—-£-)E 26 qw2L3 3E L. Q. Q. D 217. Two AB and BC aluminum rods articulated in A and C to rigid supports, as indicated in figure P-217, are joined in
B by a pin and support the P = 20 kN load. If the rods have a section of 400 mm2 and E = 70 x 103 MN/m2, determine the total deformations of each and the horizontal and vertical displacement of point B. Consider yourself 1+ 30/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2/2.01/2/2/2/2/2/2/2/2/2/20do A) Fy = 0
L=3m PA3B sen 30 =Sen 30 + 20 0.5pa£f 4€ B = 0.5pbbbba 204 ~4f°4—- 4 442 ) FS = 0 PA© Bos30 + PBa¢ ¢ Sen 30 = 0 0 4 4— .87pbga (1.5) (1) &€ .5PBBAATHEM 4 174knpba=======444A44444444444a=444444484a4a420,4—--6(70x11106) (a¢ &€ a€ ¢ &"" &4¢ ac¢cktime A¢¢ AA A A4 a4 -4 a ACE A€ BCos60 4€ &€ ¢ 4¢¢ &
a€ a€ a€ a€ a€ a - ysen60 asen60 a€ a¢— a - a€ 1.07 a€ a¢ a—, 0.87x a€, ) 0.435x + 0.435y = 0.4095 a¢ a¢¢®° V = 3.579 mm 28 solucid®n de resistance to u.t.p.l. M de longitia se envuelve con un cascar fund de 5 mm de esperor. La fuerza de compresia© de cajlululo de la productir uncortamiento de 1 mm longitude de 2 m de la barra computasta . For
el acero, e = 200 x 109 n/M2, for el hierro Fundido, e100X109n/M2r—0025ma® a® 4° 4 a—-M. Solo 2m = 2m = 20.005m Ea = 200x109n/M2 =1r243444-R1)n(0.032434484434443a44a834aa3aa3aaa3aa4aaa4aaa3aa8a3a8a38a4a30848aa38a8a38a8a3a8a3a8438a4aaGA ®4a®aaaa-niitoEntreEl====4.06M afaf¢¢¢® =4aa¢° KOA
0000000000000 2m (2m) 2m (2m) 2m (2m) ) 100x109 1x10a¢,— "loa = 20k pk = pa (2) 29 solution of material resistance U.T.P.L. a = 5.09x104 s a.k. = PK(2) 8.639x104 s a.k.(100x109) .K = 2.315x104a s a.k. 0.001 = 5.09x10 pa = 196463.65 0.001 = 2,315x10 pak = 431 + 2406 + para. an armed concrete column of 250 mm diameter is
designed to support an axial force of 400kn compress. if the admissible effort in the concrete is 6MPa and in the 120mpa steel, determine the section of steel reinforcement that will be needed. = 1 0,010 m = 0,025 m a section wood column 250 x 250 mm is reinforced by steel plates of 250 mm wide and thickness t, in so four side faces. determine the
thickness of the plates so that the set can support an axial load of 1200kn without exceeding the admissible efforts of 8 MN/m2 in wood and 140 MN/m?2 in steel. 1 0 x 1 0 x 140 x oreca ed arrab aL. .aPG07 ed E olud3AAm nu y 2mm 021 ed aerjAA nu eneit oinimula ed arrab adaC .odacilpa ayah es Nk004 ed P lartnec agrac al euq zev anu oreca ed arrab
al ne ozreufse le eluclaC .mm 09.942 ed dutignol anu eneit y oreca ed se lartnec arrab aL .dutignol ed mm 00.052 ed anu adac ,oinimula ed sarrab sod erbos asnacsed y elbaicerpsed asam eneit 832-P arugif al ed adigAAr amrofatalp aL .832 2m/N601x9.13 = bo 2m6AA¢A01x009 N69.85782 .L.P.T.U = bo SELAIRETAM ED AICNETSISER ED
OIRANOICULOS 33 2m/N601x81.321 = ao 2m6AA¢A01x006 N35.01937 = ao N 69.35782 = bT N 35.01937 = aT N 08571 = aT2 + bT bT75.2 = aT bT8AA¢A01x41.2 = aT 9AA¢A01x33.8 )901x38(6AA¢A01x009 ) 01x002( 01x006 9 6AA¢A = )6.1(bT )1(aTbEAaEA) (=) LP LP)18.9(301x81 = aT2 + bT m6.1=L ecnorB N 08571 = aT2 + bT m1=L
orecA b°AA = a°AA m1=L orecA ( 0 = )a(W AA¢A )a2( aT + )a( bT 0 = aM AA¢A .sarrab sert sal ne ozreufse le ranimreteD .2m/NG 38 = E y 2mm 009 ed n3AAicces anu eneit ecnorb ed arrab al. .2m/NG 002 = E y 2mmO006 ed n3AAicces anu neneit oreca ed sarrab saL. .gM81 asam ed odigAAr eugolb nu salle ed ragloc ed setna levin omsim le ne njAAtse
732-P arugif al ed sarrab sal ed seroirefni somertxe soL. .732 gM 53.22 = M gK 26.84322 = M )18.9(M = )6AA¢A01x009()601x07(2 + )6AA¢A01x0021()601x7.77( gM = cA co2 + aAao .L.P.T.U SELAIRETAM ED AICNETSISER ED OIRANOICULOS 23 gM = cP2 AA¢A aP 2m /NM 7.77 = ao 2m /N 00000777 = a0 )601x07(11.1 = ao uco21AA¢A01x11.1 =
ao uco21AA¢A01x33.1 = a021AA¢A01x2.1 901x021 mm 061 erboC mmO042 orecA mm 061 erboC )61.0(uco ucE L = 901x002 )42.0(ao uco = aE L ao uc°AA = a°AA M gM = cP2 AA¢A aP 0 = yF AA¢A M ed rolav omixjAAm le raluclaC .aPM041 se elbisimda ozreufse le y ,aPG002 = E ,2 mmO0021 ed n3AAicces anu eneit oreca ed allirav aL. .aPMO07 ed
elbisimda ozreufse y ,aPG021 = E ,2mm 009 ed n3AAicces anu neneit erboc ed sallirav saL. .532-P arugif al acidni omoc ,onalp omsim nu ne sadautis sallirav sert ne ayopa es M asam ed odigAAr etnematelpmoc euqolb nU 0.402 0.402 0 0.402 0 0.402 0 0.402 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
0.20.20.20,20.20.20.20.20.2 0.2 0 As indicated in figure P-240, three 30 mm?2 steel wires of section each support a mass load. The initial lengths of the wires are 19,994 m, 19,997 m and 20,000 m. a) What is the effort in the long wire, if m = 600 kg? b) If m = 200 kg, determine the effort in the shortest wire. Employ E = 200gn/m2 A = 300 mm?2
L1=19,994m12=19.997m 1 L3 = 20,000 m W = 600 kg (9.81m) = 5886 N 2 S2 5886 (19,994)a ° 1 = 0.01961 m 30x104a € “6 (200x109) a ° 1 = 19.61 mm 3 m 35 resistance solution. The set in figure P-241 consists of an AB river bar, of despicable mass, articulated in or by means of a bolt and fixed to the aluminum and steel rods. In the
configuration shown, the AB bar is in horizontal position and there is a clear a = 4 mm between the lower tip of the aluminum rod and its articulation in D. Calculate the effort in the steel rod when the lower tip of the Aluminum rod was articulated in support D. A B 0 aluminum (al) A = 400 mm2 e = 70 GPA Steel (a) A = 300 mm2 e = 200 m 4 mm) mo
=0.6tad€a€2Tel =0(1)Ta=2telfl*Oaarrd-Obbrrri*4€E°134°a=061223°A=062?A€a"taifat1line) (1) =(2)(4x10a¢a€a“3a¢a€a”tifat1 lineAt1 36 Material Resistance Solution (4x104 ¢ a€4a"34¢a€"Ta dgeat12(1.5)900x10a ¢ a€a “6(70x109) 800004 ¢ a€ a” 1.068Tafat1 =2tafat13.068 tafat 1 = 80000
taf At1=26075.6 Ntafat1 =26.1kNta=2tafdt1ta=52.2kN OA = 52.2 kN 300x104 ¢ & € Homogy gosh © nea of constant section is embedded at its ends in undeformable supports. It supports an apphed axial load, as indicated by Figure P-242. Prove that the reactions are given by R1 = Pb/l and r2 = pa/l. Obsemble that these reactions are
analogous to those of a beam simply supported by a transverse concentrated load applied at the same point. A¢4"afs=0p=rl+m2prl=pa¢a€a€rt’ AT2R1IAR2BAE=AER1A=R2BR1A=(P&¢a€a"Rl)B 37 SOLUTIONARY OF STEEDS OF MATERIALS U.T.P.L.Rl1a=pba¢a€a"rilbrla+rlb=pbrl(a+b)=pbrl =pba+
b(@a+b)=1rl=r2=pblrlabpb.aR2=A+BBR2=R2=PbhaB(A+B)PaLR2=Pa¢a€a"RIR2=P&a¢a€"R2=PblPla¢ca€a€lLR2=P(1&a¢a€a"”b)lr2=papar2 =138 SOLUTIONARY OF STEAT OF MATERIALS U.T.P.L. 244. The bar represented in Figure P-244 is firmly embedded at its ends. Determine the efforts in each
material when the axial force is applied p A2 e = 70 g pa &f ° a = age ° al pa (0.3) 1200x104 ¢ 4 € & “6 (200x109) = pal (0.2) 900x10a ¢ 4€ 3.17x104 ¢ 4€ 4 “9pal pa=2,336paltapa)fs=0a¢Aa€a”pa+p=pala¢a€ac€”2.586Pal + 200 = pal 200 = 3,536Pal pa p pall = 56,561 kN OA1 = 56.561 900x104 ¢ A€ & “6 OAl = 62.8 mn/m2 & ¢ 4 €
a” 2.586Pal + 200 = Pal Pal = 143.44 KN OA = 143.44 KN 1200x104a ¢ a € a € /m2 39 RESISTANCE OF MATERIALS U.T.P.L. 246. A rod is made up of three different parts, as shown in figure P-246, and supports axial twists P1 = 120kN and P2 = 50kN. Determine efforts in each material if the ends are firmly embedded in rigid and undeformable
knots. P210 = 170 P2 As shown in figure P-251 a rigid beam of despicable mass is articulated in O and subjected by two rods of different lengths; but otherwise habits. 0.75 pb = 0.75 pb A rigid beam of despicable mass is articulated at one end and suspended from two rods. The beam is initially in horizontal position and then the P load is applied.
Calculate the vertical movement of the load if P = 120kN. Steel A=600 mm2 E=200 GPa L=4 m 3m Aluminiumbt bt at m3 m m 64.3 = h 4° = &£h shom nk 01 ECNORB ECNORB m3=l1 ora ,2m/ n 901 x 38 = be ,2m/ n 9002 =m arap .Adac ne necerea Euq Senoisnet Sal Ranimreted ,asnet in Ajolf in Abatse Sert Sal ed Angin Agrac al Racilpa ED edna Euq
Odneinopus .552-P A STARF AL Ne acidni essim , SALLIRAV SERT .L.T.T.U.u Selairetam Ed Aicnetser ed Oiranoiculos 44 NK 55.74 = P 33.35574 = p )6a 11x003(5 + )(5 + ). ba Bo5 + Ao2 = P6 BP5 + AP2 = P6 = P6 = )6(p 4€a€a )5( BP + )2( Ap .Oyus le Adecxe Ecnorb Le Euq nis 2m/Nk 021 ed Elbisimda Ozreufse US jaubasapbos on ORECA LE
OTNAT ROP, 2m/NK 7.211 = Ao 2M/N 601x7.211 = AO )601x07(16.1 = Ao Bol ¢01X5.1 901x38 pm m3 m3 2 bo 9 = 01x002 3ao AE B e = Blbo alao m2 bafw = aa¢¢¢ 2=L Apg 38=e a€a)5( BP + )2( ap m 3=1 apg 002=e a22424242424242a QUELM 009=A oreca 0 = éTSooooth ) ?2M/NM 07 ed ecnorb le ne omindaaam 2M/NM 021 ed Ozreufse if
redcexe nisacilpa eraq yaknv opinn ° .352-P A START AL ARTSEUM ES N4aa°Oges ,Exnorb Ed Anu y Oreca Ed Allav What Ed Adidnetxe n adlucitra 4°SE Selairetam Ed Aicnetser ed Oiranoiculos 34 mm 29.2 = YA£uA¢€A€TR, ya€a01x2 = ya¢°af yafw = X + atafuvaf£¢°a°ac¢ acE 6 ata a°afuvac¢flowa 417.0 = Ap 1AP 417.0 = Apn 79.19637 = 1AP 0 =a =
)6(1AP + 000006 a€a€a€p 241.2 0 =3 (1AP 00006 )6 ( 1AP + )5(021 a€a€a )3( ap 0 = atatMa )3(ap 0 atm ) 1AP 417.0 = Ap 1AP 1A 1AP 1AM“a€a01x39.7 = AP 6 3 ) 1P 8a€a¢€4a0167.4( = ) Ap 8a€4a€401x33.3(1 1 11 6 3 3 3 3 3 m¢°a°a°ac. “a€a¢01x67.4 = 1aa°a901( xx07(68€a€a01x001 )3 ( 1AP = laaf¢¢€a€T a¢fu )901x02(6a€a€a¢€a01X006 )4( Ap
=¢£wp m2 m 3= apg 07=e 42 4 Q have Fy = 0 TA© + 2TBcos30 = 10 Consider that the angles do not change 10 kN a°B = 0.87AoAo PB LB = 0.87 PA. LA. A BE B (3.46)PB 83x109 AA.EA) = 0.87 200x109 4.17x10 A A A1 PB = 1.5x10
A11/41/41/41/41/41/41/41/41/41/41/41/41/41/41/41/41/4301/41/41/21/401/201/401/401/4301/4301/401/401/401/201/401/401/401/201/401/40101010101010101010101l0101010l0101010l0l0101l0l0l010101l0l010101/201/201201012010 Three AB, AC and AD bars are articulated in A to support a P= 20kN load together, as indicated in the P-256 figure. The
horizontal displacement of point A is prevented by a short horizontal AE rod that is supposed to be infinitely rigid. Determine the efforts in each bar and total strength in AE. For the steel bar, A = 200 m2 and E = 200 GPa, and for each of the aluminium bars, A 400 mm2 and E = 70 GPa. Aluminium E P.S. 45 = A.D. § 30 = A.D. 1 AB(3.46) 1 AB(4.24) =
. (200x10) A 150 mm?2 section steel rod is attached at the end to two fixed points, being stretched with a total strength of 5000 N to 20Ao C. Calculate the effort of the rod to -20AoC What temperature will the effort be cancelled? I+ = 11.7Apm/(mAc) and E = 200 x 109 N/m2. A=150 mmA2 P=5000 N atAo=20AoC ixT iOP1 ¢UP1 + ¢UT or L = PL AE
+ I+La (5T L (5000)L = + (11.7x10¢U) 9 (150x10 % = 1221212121212121212120120120120120 = 1220120120120120101012012012012012012012010l0lolo120lolololololololololololololol20l0l01l2010120120101010101010U.T.P.P.L. T= (204 ¢ re + 14.24 8 ¢ a) t = 34.24 & ¢ to 264. A 10 mm steel from epesor and 75 mm wide is
created by a motive wheel, 90 ° C, temperature to anyone of the wheel wheel, which is 20 ° C. Determine the present of contact between the temperature of 20 ° C. deformation of the deformation produced by the president of the president = 11.74 ¢ 1.7d4 ¢ 1.78a ¢ 1.71.71.7 ¢ 1.7ad ¢ 1.7d ¢ 1.7a ¢ 1.7a ¢ 1.7° C) y = 200 x 103 n/m2 aj a € € = 0.075
(0.01) Aj a € 2,545m2 wheels at = (0.9 + 0.075)at =ta £ ° 7x10 4,— a € 6) (6) (6) (2nxx0. 9) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) (90) 90) (90) (90) (90) (90) (90x10) 0000-0& £ ° R = (11.7x10 "6) (50) (50) (50) (50) (50) (50) (50) (50) (5.31x10 "3 m 70026.53 0.06825 O =
1026029.67 N/m2 O = P. RT 1026029.67 = P (0.97001) 0.9 923426.70 = 0.91 P = 1014454.62 N/m2 p = 1.015 mn/m2 265. A hoop ring from thick Ter The internal meter is 600 mm to perfectly adjust to the other 15 mm throat, a temperature of the 130 ° C. The wide, the same for two, is 100 mm. Determining the present of contact between i amasly
when the temperature of the diside is 20 ° C. EA = 200GPa =11.7a4 ¢ 1.7a4 ¢ 1.7a ¢ 1.7a ¢ 1.7a ¢ 1. In ,— 195) (0.310x2n) (110) (110) (110) B12 =1.884 & ¢ &4,— - 3.94x10 4,—~ -3 L2 = 1,8800 m L2 = 2nr2 1.880 = 2nr2 R2 = 0.29921 m Touch: L1 =2n (0.30) L1 = 1,884 mL2=12&¢4,—: 4 £ ° 12 = ¢AAA 2. 425x10¢AAA3 L2 =1.881 m L2 =2nr2 1.881
= 2nr2 r2 = 0.29945 m El radio del acero se disminuye menos que el del bronce A°ABT ¢AAA A°ABP = A°AAAT ¢AAA A°AAAP 3.94x10¢AAA3 ¢AAA PB LB = 2. 425x10¢AAA3 + A BE B 0.001515 = PAA LAA AAAEAA PAA LAA PB LB + AAAEAA ABEB 0.001515 = P ( 0.001515 = P ( LAA AAAEAA + LB A BE B 1.884 AAA(200x109) ) + 1.884 AB (83x109) )
0.001515 = P(6.28x10¢AAA9 + 1.1349x10¢AAA8) 0.001515 = P(1.762x10¢AAA8) 59 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. P = 85981.84 N AAA = 0.21(0.015) AAA = 0.0015m2 AB = 0.1(0.02) AR = 0.002m2 AT = (0.1)(0.035) AT = 0.0035 m2 o= 85981.84 0.0035 o0 = 24566240 N/m2 o= P = P. r t 24565240(0.035) 0.3 P =
2866061 N/m2 P = 2.87 MN/m2 51 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. 266. A una temperatura de 20A°AC se coloca una plancha rAAgida que tiene una masa de 55 Mg sobre dos varillas de bronce y una de acero, como se indica en la figura P-266. A;AA quA©A temperatura quedarAjA descargada la varilla de acero? Datos
Acero: A = 6000 mm 2, E = 200 x 109 N/m2 y A=A = 11.7ApAm/(mA°Ac). Bronce (cada una): A = 6000 mm2, E = 83 x 109 N/m2 y A+A = 19ApAm/(mA°Ac). 55Mg W = 55x10¢AAA3kg(9.81m/s2) W = 539.55 kN Acero Bronce Bronce A°A =a L¢AAAT A°ABT = A°AAAT ¢AAA A°ABP (19x10¢AAA4)(0.25)¢AAAt = 11.7x10¢AAA6(0.3)¢AAAL +
269.775(0.25) 600x10¢AAA6(83x106) 0. 00000124¢AAAt = 1.354x10¢AAA3 ¢AAAt = 109.22 A2A t = 109.22 A2A + 20 A2A t = 129.22 A2A 52 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. ACERO ACERO BRONCE 267. A una temperatura de 20A°AC hay un claro ¢AAA = 0.2 mm entre el extremo inferior de la barra de bronce y la losa
rAAgida suspendida de las dos barras de acero, segA2An se muestra en la figura P-267. Despreciando la masa de la losa, determine el esfuerzo en cada barra cuando la temperatura del conjunto se eleva a 100A°AC. Para la barra de bronce, A = 600 mm 2 , E = 83 x 10 9 N/m2 y A+A = 18.9ApAm/(mA°Ac). Para cada barra de acero, A = 400 mm2, E =
200 x 109 N/m2 y A+A = 11.7ApAm/(mA°Ac). 800 mm 0.280 = 0.693000000000000000000000000000000 00 U.T.P.L. 268. An aluminum and another bronze cylinder, centered perfectly, ensure between two rough plates that can be arrested by two steel screws, as seen in Figure P-268. At 10 ° C there are no axial forces together
with the device. Determine the tensions in each material at 90 ° C, with the following data: 0.75x 0.75x 0.75x0.80x 0.2x 0.80x 0.2x3.0x 3,0x3.0x 3.2x3.0x 3.0x 3.0 x 3.0 x 3.2 x 3.0 The bar composed of figure P-273, is firmly subject to undeformable supports. An axial force p = 200kn is applied at a temperature of 20 ° C. Calculate the efforts
in each material at the temperature of 60 ° C. I = = 11.7i%m/(m ° C) for steel and 1 + = #### HHH# HHHH BB HHHBH BB HHB BB B BHHBBHBBHBBBHBBHBBBHBBHBBBHHE BHHBBH HHBBHBBHBBBHBBBBBBBB BB BB BB BRB BB BB B BB BB BBB BB BB BB B BB BB BB B BB BB BB BBB BB RH B BB BB BB B BB BB BHBH#H#H## PL =TI =T1 =T1
=1=1=1=1=000002in figure P-277. If the AB bar stays in a horizontal position at a given temperature, calculate the ratio of rod areas to keep the AB bar horizontal at any temperature. Depreciate the mass of the AB bar. A B 0 Aluminium E=70 GPa L=8 m Steel E=200 GPa L= 8 m a = 23.0pm/(m°c) Aluminium o = 11.7um/(m°c) Steel. 6T: Aely
1 — 6Pel = 8Ta — 0Pa a LE1/4 Ael Ael Eel =a The vocaT — Pal.a AaEa Pel Ael Ael Pa (23x10-6 cabin) A horizontal rigid bar of despicable mass is connected to two rods as shown in figure P-278. If the system is originally free of effort, determine the temperature change that will cause a 60MPa voltage effort in the steel rod. a = 18.9um/(m°c)
Bronze o = 11.7pm/(m°c) Steel A=900 mm2 E=200 G02 L=3 m 6BT — dBP 6102 m PB (2) U.T.P.L. 279. For the set shown in the P-279 figure, determine the effort in each of the two vertical rods if the temperature rises 40° C after the P = 50 kN load is applied, Depreciate the deformation and mass of the AB horizontal bar. Steel A=600 mm2 E=200
GPa A=900 mmA?2A E=70 GPa 3m 3m 4m 3m 3m 50 kN A+A = 23.0ApAm/(mA°Ac) Aluminio A=A = 11.7ApAm/(mA°Ac) Acero. ) MAA = 0 PAA1 (3) + PAA (6) = 50x103 (9) PAA1 = 150x103 ¢AAA 2PAA (1) A°AaP + A°AaT A°AAA1P + A°AAALIT = 6 3 A°AaP + A°AaT = 2(A°AAA1P + A°AAAILT) (2) Pa (4) + (11.7x10 (600x10¢AAA6)(200x109) 6 )(4)(40)
Pal (3) + (23x10¢AAA6)(3)(40)] = 2 [(900x10¢AAA6)(70x109) 3.33x10¢AAA8 Pa + 1787x10¢AAA3 = 9.52x10¢AAA8 Pal + 5.52x10¢AAA3 3.33x10¢AAA8 Pa + 9.52x10¢AAA8Pal = 3.65x10¢AAA3 (3) (1) en (3) 3.33x10¢AAA8 Pa + 9.52x10¢AAA8 (150x103 ¢AAA 2PAA ) = 3.65x10¢AAA3 60 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L.
2.238x10¢AAA7 Pa = 17. 95x10¢AAA3 Pa = 80206 N (TensrA3An ) Pal = ¢AAA10412 N N (comgre31A3An) Esfuerzos: oAAL = 10412 N (900x10¢AAA6)m2 0AA1 = 11.56 MN/m2 oAAL = 80206 N (600x10¢AAA6)m2 0AA1 = 134 MN/m2 61 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. UNIVERSIDAD TAACNICA PARTICULAR DE LOJA
ESCUELA DE INGENIERAAA CIVIL CAPAATULO III TORSIAAN 304. Calcular el mAAnimo diAjAmetro de un AjArbol de acero que, sometido a un momento torsionante de 14 kN . m, no debe experimentar una deformaciA3An angular superior a 3A°A en una longitud de 6 m. A;ACuAjAl es entonces el esfuerzo cortante mAjAximo que aparecerAjA en
A©AI? Use G=83GN/m28=]=T.L].GT.L 8. G (14x103N)(3m) J= (3) (n) (83x109) 180 ] = 1. 932x10¢AAA5m4] =n. d4 32 [(1.932x10¢AAA5)(32)] 1/4n=dd =0.118 md = 118 mm rmas = T. r] 14x103Nm ( rmas = 0.118 2 1. 932x10¢AAA5m4 m) rmas = 43MN/m2 62 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. 305. En un
AjArbol macizo de 5m de longitud, en el que el AjArbol total de torsiA3An es de 4A2A, el esfuerzo cortante mAjAximo es de 60 MPa. Si G= 83GPa, calcular su diAjAmetro. A;AQuA®©A pA2Atencia podrAjA transmitir a 20r/s? rmas = T. r ] 60x106 = T.r ] 60x10 6] = T. r 60x106] r T= =T (1) P2nfP = T. 2n. f P = (0.0130)(2n)(20) P=1.64 MK 8=T.L]. G
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1892.74 TAA = 1107.26 N. m 16TB .D rmasB = n(D4 ¢AAA d4) rmasB = 16(1892.74)(0.075) n(0.0754 ¢AAA 0.054) rmasB = 28474030 N/m2 rmasB = 28.5 MN/m2 318. Un AjArbol compuesto estAjA construido con tres materiales diferentes y sujeto a dos pares aplicados segA2An se ilustra en la figura P¢AAA318. (a) Calcule el mAjAximo esfuerzo
cortante desarrollado en cada material. (b) Calcule el AjAngulo de rotaciA3An del extremo libre del AjArbol. Use los siguientes valores: GAA1 = 28 GN/m2; Gac = 83 GN/m2; GB = 35 GN/m2 JAAB = nd4 32 n(0.1)4 JAAB = 32 JAAB = 9.82x10¢AAA6m4 JBD = JBD = nd4 32 n(0.075)4 32 JBD = 3.11x10¢AAA6m4 (1) TAA1 = T 72 SOLUCIONARIO DE
RESISTENCIA DE MATERIALES U.T.P.L. TAAA¢A = T ¢AAA 4x103 (2) TAA = ¢AAA1.5x103 N. m rmasAA = rmasAA = 16TAA nd3 16(1.5x103) n(0.075)3 rmasAA = 18108396 N/m2 rmasAA = 18.11 MN/m2 rmasB = rmasB = sol. 16TAA nd3 16(1.5x103) n(0.075)3 rmasB = 18108396 N/m2 rmasB = 18.11 MN/m?2 sol. TB = T ¢AAA 4x103 + T1 1.5x103
=T ¢AAA 4x103 + T1 (3) T1 = 5.5x103 ¢AAATT = TAA1 + TAA + TBT =T + T ¢AAA 4x103 + 1.5x103 T = 2.5x103 16T rmasAAl = rmasAAl = nd3 16(2.5x103) n(0.1)3 rmasAAl = 12732406 N/m2 rmasAA1 = 12.73 MN/m2 sol. 73 SOLUCIONARIO DE RESISTENCIA DE MATERIALES 8= T. LJ. G 8= 1.5x103(1.5) (3.11x10¢AAA6)(35x109) 8 =
2.067x10¢AAA2rad (U.T.P.L. 180 ) n 8 = 1.1843A°A 8 = 1A°A11r3.48rr 319. En el AjArbol de la figura P¢AAA319, firmemente empotrado en sus extremos, la porciA3An AB tiene 75 mm de diAjAmetro y es de bronce, con r AA 60 MN/m2 y GB = 35 GN/m2. La porciA3An BC es de acero, de 50 mm de diAjAmetro, r AA 80 MN/m2; Gac = 83 GN/m 2. Si
a= 2 myb=1.5m, determinar el par torsor mAjAximo T que puede aplicarse en el punto B de uniA3An de las dos partes. ¢AAAM = 0 TAA + TB = T (1) 8AA = 8B TAA . LAATB . LB = JAA. GAA JB. GB TAA . (1.5) (6.14x10¢AAA7)(83x109) = TB. (2) (3.11x10¢AAA6)(35x109) 2.934x10¢AAA5 TAA = 1.837x10¢AAA5 TB TAA = 0.624 TB en (1) TAA + TB =
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= 5798.45 N. m 16T rmas = nd3 100x106n(0.05)3 = 16 TA1 = 2454.375 N. m T & 2T = TT 3T = 10485.95 N. m = 3495.32 M2. A pair of torsor T is applied, as indicated by the figure Pa !322, to a solid tree with built ends. Demonstrate that the torsionous moments in the impotractions are T1 = Tb/L and T2 = Ta/L Will these values be seen if the tree
was hollow? 8a=8bT1.aT2.b=]J1.G1J1.G1 Tl .a=T2.bT1 =T2=T2.btoT1l.ab 78 SOLUTIONARY OF RESISTANCE OF U.T.P.L. MATERIALS T=T1 +T2T2 .bT=a+T2.b+T2.a=T.a=T.a=T2(b+a)T.a=T2(b+a)T2=T.aL.Q.D. T=T1 + T. 1 A tree is made up of three AC, CD and DB portions welded between itself and
the whole firmly embedded in its ends and loaded as indicated by the figure Pa He was 324. For the G = 83 GN/m2 steel; for the G= 28 GN/m2 aluminium; and for the G = 35 GN/m2. Determine the maximum cutter in each material. 4 . 000 = 0 TB = TA¢ = 300 4a 4a 4a Aa Aa 4a 4a Aa Aa Aa Aa Aa Aa Aa 4a Aa Aa Aa Aa Aa Aa Aa Aa 4a Aa Aa Aa Aa da aa
LA. TB.LBTA.1.LA+1+ + =0JA.. GA.JB. GBJA G1 . GA.1 TA. . (2) (3.83x104 b/0)(83x109) + (TA &4 4£— 1000)(1) (3.83x10a 0.7 b/8)(35x109) + (TA a a5 300)(1.5) (6.14x10 1b7) =0 6.29x10 s = 845 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 yO0 yO yO y0 yO y0 yO y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 yO yO yO yO yO y0 y0 yO
y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 y0 yO yO yO yO y0O y0 yO yO yOy = 0 0. 00146225TAA = 0.77216 TB = 528 ¢AAA 1000 TB = ¢AAA472 N. m rmasB = rmasB = TB J .r (472)(0.0125) 3.83x10¢AAA8 rmasB = 156x106 N/m2 TAA = 528 N. m rmasAA = rmasAA = TAA J .r (528)(0. .0125) 3. 83x10¢AAA 8 rmasAA = 172x106 N/m2 TAA1
= 528 ¢AAA 300 80 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. TAA1 = 228 N. m rmasAA1l = rmasAAl = TAA1 .rJ (228)(0.025) 6.14x10¢AAA 7 rmasAAl = 9.3x106 N/m2 338. Un tubo de 3mm de espesor, tiene una forma elAAptica. Hallar el momento torsionante que producirA;jA en el esfuerzo cortante de 60 MN/m2 A= A=n. a. b
4 n(0.15)(0.075) 4 A = 8.84x10¢AAA3mMmM2 T = G. 2A. t T = 60x106(2)(8.84x10¢AAAG)(3x10¢AAA3) T = 3.182 N. m 81 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. UNIVERSIDAD TAACNICA PARTICULAR DE LOJA ESCUELA DE INGENIERAAA CIVIL CAPAATULO IV FUERZA CORTANTE Y MOMENTO FLEXIONANTE EN VIGAS
Escribir las distribuciones de momentos flexionantes y fuerza cortante en las vigas de los problemas siguientes. Trazar tambiA©An sus diagramas, marcando los valores en todos los puntos de discontinuidad, y en los de fuerza cortante nula, despreciar el peso propio de las vigas. 403. La viga cargada como se indica en la figura. ) MAA = 0 R2(6) ¢AAA
50(2) ¢AAA 20(7) = 0 R2 = 40 kN ) MA¢A = 0 50(4) ¢AAA R1(6) ¢AAA 20(1) = 0 R1 = 30 kN ) Fy = 0 40 + 30 = 50 + 20 70 = 70 VAAB = 30kN MAAB = 30x VBA¢A = 30 ¢AAA 50 VBA¢A = ¢AAA20kN 82 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. MBA¢A = 30x ¢AAA 50(x ¢AAA 2) MBAGA = 30x ¢AAA 50x + 100 MBA¢A = 100
¢AAA 20x VA¢AD = 30 ¢AAA 50 + 40 VA¢AD = 20 MA¢AD = 30x ¢AAA 50(x ¢AAA 2) + 40(x ¢AAA 6) MA¢AD = 30x ¢AAA 50x + 100 + 40x ¢AAA 240 MA¢AD = 20x ¢AAA 140 Hallamos donde el momento es cero: Tramo BC: M = 100 ¢AAA 20x x = 5m 83 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. 406. La viga cargada como se
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¢Ar=x)8,-4¢A+r+sr=x)8,-4081(ocr=r,-4 ¢Arrr,-4 ¢Ax = )8 ,-4 081( ococ 2/p v .L.P.T.U = )08( sacav aicnetsiser al ed aicnetsiser al ed aicnetsiser al ed aicnetsiser al ed aicnetsiser al ed aicnetsiser al ed aicnetsiser ed senoiculoS 39 )8soC - 4 ¢A8S(R2 =B 4JMP)8soC- -4¢A1(R=xx -4 “~A®AneS=B 4 £AVP 2)8,-4 09(
SOHC = V P .otnup omsim le ne oczonocer ol orep ,adreiuqzi al eneit y latnoziroh se is )b(y ,acidni omoc etnemlacitrev se azreuf al )a( As ,arugif al eD + )1(03 Bread J I'll be right there » = M +4 + DM = EM E nE 02 SHFF = )5.0()4.2()42( KINGDOM 8.8 = M +4 + FM = DM 8.8 = )5.0()6.1(61 + 4 SHUT =M + =M 4 = MA + ¢AM =FM Fn°® 4 SH =
)1(63 + 045.0 =M + =M + =M + = M : = MA SELAIRETAM ED AICNETSISER ED OIRANOICULOS 69 0 = )2(01 KINGS 02 =V +4 + )D(¢AV = )I(EV E nE 02 = 44 + 42 STAR =V +4 + )I(DV) + 60 ¢AAA R2(5) = 0 R2 = 24 kN ) ME = 0 ¢AAA30(6) + R1(5) ¢AAA 20(3)(3.5) + 60 = 0 R1 = 66 kN ) Fy = 0 66 + 24 = 30 + 20(3) 90 = 90 VAAB = ¢AAA30
0AAxAA1 MAAB = ¢AAA30x VBA¢A = ¢AAA30 + 66 ¢AAA 20(x ¢AAA 1) 1AAxAA4 VBAGA = 36 ¢AAA 20x + 20 VBA¢A = ¢AAA20x + 56 MBA¢A = ¢AAA30x + 66(x ¢AAA 1) ¢AAA 20(x ¢AAA 1) (x ¢AAA 1) 2 MBA¢A = ¢AAA30x + 66x ¢AAA 66 ¢AAA 10(x ¢AAA 1)2 100 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. MBA¢A = ¢AAA10(x
¢AAA 1)2 + 36x ¢AAA 66 VACAD = ¢AAA30 + 66 ¢AAA 20(3) 4AAxAA5 VBAGA = ¢AAA24 MA¢AD = ¢AAA30x + 66(x ¢AAA 1) ¢AAA 20(3)(x ¢AAA 2.5) MA¢AD = ¢AAA30x + 66x ¢AAA 66 ¢AAA 60x + 150 MA¢AD ¢AAA 24x + 84 VDE = ¢AAA24 MDE = ¢AAA30x + 66(x ¢AAA 1) ¢AAA 60(x ¢AAA 2.5) + 60 MDE = ¢AAA24x + 144 MMAjAs = ¢AAA36
kKN.mXABO1BC14CD45DE56V ¢AAA30 ¢AAA30 36 ¢AAA24 ¢AAA24 ¢AAA24 ¢AAA24 ¢AAA24 M 0 ¢AAA30 ¢AAA30 ¢AAA12 ¢AAA12 ¢AAA36 24 0 101 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. 435. Viga cargada como indica la figura. ) Fy = 0 R1 + R2 = 20 + 40 + 10(4) R1 + R2 = 100 kN ) MR1 = 0 40(2)(1) ¢AAA 10(2)
(1) ¢AAA 20(2) ¢AAA 40(3) + R2(5) = 0 5R2 = 40 + 120 R2 = 32 kN 102 SOLUCIONARIO DE RESISTENCIA DE MATERIALES U.T.P.L. ) MR2 = 0 10(4)(5) ¢AAA R1(5) + 20(3) + 40(2) ¢AAA 16(1)(0.5) + 16(1)(0.5) = 0 200 + 60 + 80 = 5R1 R1 = 68 kN Diagrama esfuerzo cortante: ¢AAAV = (AArea)q VAA = 0 VB (I) = VAA + ¢AAAV = 0 + (¢AAA10)(2)
= ¢AAA20 VB(D) = VB(I) + ¢AAAV = ¢AAA20 + 68 = 48 VACA(I) = VB(D) + ¢AAAV = 48 + (¢AAA10)(2) = 28 VA¢A(D) = VACA(I) + ¢AAAV = 28+)(¢AAA20) = 8 VD(I) = VA¢A(D) + ¢AAAV = 8 + 0 = 8 VD(D) = VD(I) + ¢AAAV = 8 + (¢AAA40) = ¢AAA32 VE(I) = VE(D) + ¢AAAV = ¢AAA32 + 16(2) = 0 VG = 0 Diagrama de momentos flexionantes:
¢AAAM = (AArea)r MAA = 0 MB = MAA + ¢AAAM = 0 + (0.5)(20)(¢AAA2) = ¢AAA20 MA¢A = MB + ¢AAAM = ¢AAA20 + 48728 2 (2) = 56 MD = MA¢A + ¢AAAM = 56 + 8(1) = 64 ME = MD + ¢AAAM = 64 + (¢AAA32)(1) = 32 MG = ME + ¢AAAM = 32 + (¢AAA32)(2)(0.5) = 0 MMAjAs = 64 kN. m 103 SOLUCIONARIO DE RESISTENCIA DE
MATERIALES U.T.P.L. 436. Viga en voladizo cargada como indica la figura. ) = 2VA + BM = ¢AAM 44 =)2()224 + 2 (+ 0 = 1VA + AAM = BM 0 = AAM r)aerAA( = MAA¢A :setnanoixelf sotnemom ed amargaiD 0 = 84 + 84AA¢A = VAAGA + )I(FV = )D(FV 84 AA¢A 0 = )02AA¢A(4 + 23 = VAAGA + )D(EV = )I(FV 23 = 0 + 23 = VAA¢A + )D(¢AAV =
)I(EV 23 = 07 + 83AA¢A = VAAGA +)I( ¢AAV = )D(¢AAV 83AA¢A = 0 + 83AA¢A = VAA¢A + )D(BV = )I(¢AAV .L.P.T.U SELAIRETAM ED AICNETSISER ED OIRANOICULOS 701 83AA¢A = )04AA¢A( + 2 = VAAGA + )I(BV = )D(BV 2 = )02AA¢A(2 + 24 = VAA¢A + AAV =)I( BV 24 = 24 + 0 = VAA¢A + TAAV = AAV 0 = AAV q)aerAA( = VAA¢A :etnatroc
ozreufse amargaiD Nk 061 = Nk 061 Nk 061 = 84 + 07 + 24 Nk 061 = 3R + 2R + 1R Nk 24 = 1R 5 = 1R 07 AA¢A 081 )2( 082 = 2R + 1R5 Nk 07 = 2R 4 = 2R )23(5 + 021 )1( 021 = OR5 AA¢A 2R4 Nk 23 = OR 0 = )5(0OR AA¢A )2()4(02 0 = BM ) Nk 84 = 3R 0 = )3()4(02 AA¢A )5(3R 0 = OM ) .L.P.T.U SELAIRETAM ED AICNETSISER ED
OIRANOICULOS 601 )2( 082 = 2R + 1R5 0 = )4()2(02 + )1(2R AA¢A )3(04 + )5(1RAA¢A 0 = OM ) )1( 021 = OR5 AA¢A 2R4 0 = )1()2(02 AA¢A )2(04 AA¢A )5(0R AA¢A )4(2R 0 = AAM ) Nk 061 = .3R + 2R + 1R 08 + 04 + 04 = .3R + 2R + 1R 0 = yF ) .olun se etnanoixelf otnemom le euq le ne osil onrep nu ne sodinu sotnemges sod ne etsisnoc arugif al
ne artseum es omoc sotnup sert ne adayopa agiv anU .934 .L.P.T.U SELAIRETAM ED AICNETSISER ED OIRANOICULOS 501 m 5.0 = xx 01 = 2 04 m .Nk 5.25 = sjAAMM 03 = )5.1()03(5.0 AA¢A 5.25 = EM 5.25 = )5.0()01(5.0 + 05 = FM 05 = )1(01 + 04 = DM 04 = )1(02 + 02 = ¢AAM 02 =)2()02(5.0 + 0 = BM 0 = AAM :setnanoixelf sotnemom ed
amargaiD 0 = 03 + 03AA¢A = EV 03AA¢A = )2(02 AA¢A 01 = )D(DV 01 = 0 + 01 =)I(DV 01 = 01 AA¢A 02 = )D(¢AAV 02 = 0 + 02 = )I(¢AAV 02 = )2(01 + 0 = BV 0 = AAV :etnatroc ozreufse amargaiD Nk 03 = 2R 0 = 2R + )2(02 AA¢A 01 AA¢A 02 0 = yF ) .L.P.T.U SELAIRETAM ED AICNETSISER ED OIRANOICULOS 401 Nk 03 = 2R 2R5AA¢A =
051AA¢A 2R5AA¢A = 03 + 061 AA¢A 02AA¢A 0 = 03 + )5(2R + )4()2(02 AA¢A )9(01 AA¢A )5.001(01AA¢A 0 = OM ) m .Nk 03 = M 001 AA¢A 03 + 04 = MAAGA 0 = )5(02 AA¢A )3(01 + M AA¢A )1()2(02 0 = + (AE—£38)(2) = 4f—£12 me=¢ +avd = ¢ + avd = ¢ + ¢ + 32(2) = 32 (32)(1.6) mg = md + av4 = 32 + mf = me + AV5 = 57.6 + 2 = 57.6
(4£1/4)(2.4) 2 =0 MMAjs = 57.6 kn. m to 1.6 m of e 32 x = 48 44f 128 = 48x + 32x x = 1.6 m 108 U.T.P.L. 440 material resistance solution. an abcd frame, with rigid corners in b and c, holds the concentrated load p as shown in the figure ) fy =0ry =ry =ry =ry = p12 .x0 VA.B = p vb = p 0A 0xA.L 109 fixio de resistance de materiales U.T.P.L. V¢D
=¢U¢U ¢ =¢Uc¢U¢U¢U¢U¢U¢U ¢ =¢Uc¢U¢=2¢Uc¢U¢U¢U¢U¢U¢U¢U¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢ ## ##

HHHBHHHBBHHH BB H BB HHB BB HH BB HHB BB H A BB HH BB B HHH#### 1] = 180 kn 12 = 100 kn v2 = 180 da da da da da da da da da da 4a da 4a 4a da 4a da da 4a 4a 4a da 4a 4a da da da da da 4a da 4a da 4a 4a da da da 4a da da da da da da da 4a da da 4a da 4a da da 4a da 4a 4a da 4a da 4a da 4a 4a da 4a da 4a da da 4a da 4a da aa da 4a aa aa
gs80x=26.67x3xv3="................. 1V3=—180—40(4) — 26.67x(x) (5) () 2 V3 =20 — 13.33x(x — 5) M3 = 180(x — 2) — 40(4)(x — 2) 1 26.67x)(x — 5) — 3 2 M3 = 20(x — 2) — 4.44x x — 5)2 M+2 Loaded beam as indicated in the figure. V1 = 170 R1A.254 .L.P.T.U. SELAIRETAM ED AICNETSISER ED OIRANOICULOS 421 m .Nk 62
Sabbath 0 = DM 6 = ¢AM 62 STAR = EM 6 = BM 0 = :H :etnanoixelf otnemom amargaiD 6(1 S) = .23 = 3 SELAIRETAM ED AICNETSISER ED OIRANOICULOS 321 0 = )5.0()1()63( + 81 soya = V +& + )D(AV = )D(DV 81) = 05 KINGS 23 =V +a + )I( ¢AV = )D( ¢AV 23 = )4(63 + 08 KINGS 23) - I'll be right back. ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U
¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U ¢U P I'll be right there » = )D(DV 68 STAR = )3()06(5.0 + )3(02 KINGS 46 =anu ne ozreufse led ongis
le y rolav le ranimreteD .otneimartopme le ne m/N 0001 atsah erbil omertxe le ne orec edsed etnememrofinu aArav euq agrac anu atropos ,dutignol ed m 6 y otnac ed mm 002 rop ohcna ed mm 06 ed ,ozidalov ne agiv anU .305 SAGIV NE SOZREUFSE V OLUTAPAC LIVIC AAREINEGNI ED ALEUCSE AJOL ED RALUCITRAP ACINCAT DADISREVINU
LPTU303030303030303030303030303030303030300303030300303030300303003003030303030303030333333333323323333 .arugifalneartseum es omoc ,sadiubirtsid etnememrofinu senoiccaer sod rop adinetsos jAtse etnememrofinu elbairav agrac anU 3 ,3,3,3,3,3,3,3,3,3,3,3,3
,3,33,53,3333,3,3333,3,3333,3,3333,53333,3,3333,3,3333,3,3333,3,3333,3,3333,3,3333,3,3,33,3,3,3,33,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,5,3,5,30,35,3 =21.C/A .arugif al acidni omoc adagrac located 40 mm from the upper end of
the beam in a section at 3 m from the free end. I = bh3 12 ma ¢ = 0 = O = = (0.06) (0.2) 312 = 4x10a € “5m4 a€” 500 (3) 1 a— (3) = 750N m 2 3 mi I (750) (0.06 ) 4x10a € “5 O = 1125000 N/m2 505. A high -resistance steel tape saw, which is 20 mm wide and 0.8 mm thick, passes through 600 mm diameter pulleys. What a maximum effort developed
by flexion when surrounding pulleys? What dolememememememe can have them without exceeding the effort of 400 MPa. E = 200 GPA. I = (1) (2) BH3 12 = (0.02) (0.008) 3 0 = 12 = 8.53x10a € “13m4 Mile O = () and Q (1) = (2) 130 SOLUTIONARY OF STEAT OF MATERIALS U.T.P.L. Mye=()andigme=()igem = ()i g m = 200x106kn/m2
0.3 m (8.53x104 € “13) m = 5.69x104 €“ 4kn. m s =i ¢ 8.53x104 € “13 0.0004 s = 2.13x10a€“9omés =m. ci=m s 5.69x10a € “4nce 2.13x10a €“ 9 omés = 267136.15 kN/m2 omés U.T.P.L. 508. Determine the thickness of the beam of the figure, so that the maximum normal effort does not exceed 10 MPa. ) Fy = 0rl + r2 = 5000 + 2000 (4) R1 + R2
=13000) MB=0a€ a€5000(2)a€a€8000(1l)=3R2R2=6000Na¢1=7000NINFORM DIAGRAM Cut: VB of flexing moments: ma %o 0 = 0 mb = 4 € 2000 (1) (0.5) = 1000 ma ¢ =a€ a€ 1000 + 0.5 (5000 + 1000) (2) = 5000 MD = 5000 & € ”0.5 (4000 + 6000) (1) = 0 m = 5000 N. M 132 Materials Resistance Solution I = O = Bh3 12 = B (0.3)
312U = 6.p67 A 40 mm bar elev Metro is used as a beam simply supported on a clear 2 m. Determine the maximum evenly distributed that can be applied along the right half of the beam if the effort due to bending is limited to a value of 60 MN/m2 R1 + R2 = w(1) ) MUE = 0 w(1.5) = 2R2 R2 = 0.75 w 133 UT.P.L. MATERIAL RESISTANCE
SOLUTION. R1 = 0.25 w Diagram of flexing moments: w 1 = 0.25w x = 0.25 m = 0.25w = 0.25w = 0.25w = 0.25w = 0.280 m = 0.280 m = 0.280 m = 0.22 x 0.25w = 0.25w = 0.25wence = 0.28 m2 U.T.P.L. 518. A S380x74 section beam is simply supported on its ends. It supports a central concentrated load of 40 kN and a uniformly distributed 1,5
kN/m, including its own weight. Calculate the maximum length you can have if the admissible effort is 140 MPa. L.O.R.(mm2) ALTURA(mm) S380x74 9500 381 I(106mm4) S = I/C(103mm3) 203 1060 ANCHO (mm) 143 SPACE(mm) A W200 x 27 section beam is used as a 6 m long girdle. Calculate the maximum uniformly distributed load that can be
applied throughout the beam,of its own weight, if the bending effort is not to exceed the value of 140MN/m2. denomination W200x27 area = ALTURA(mm) I(106mm4) 207 25.80 s = I/C(103mm3) 249 b.h 31 x =b 4 0 = 140x103kN/m2 or= vio i 140x103 = - ql210 if the allowed effort is 120MN/m?2, choose the section w lighter. scm o = 180x103N. m



1200x106N/m2 s ¢ 0.0015m3x 10 3 mm3 1m3 s ¢ 1500x103mm3 S(103mm3) 1550 w = 74.7 denomination W530x74 mass (Kg/m) 74.7 A(mm?2) 9520 204(0.04)indicated in the figure Determine the maximum uniformly distributed load that can be applied throughout the beam if the effort is limited to 1.2 MPa. EI.N = 0.150)(0.2)3 12 — 0.1)(0.15)3 12
EI.N = 71.875x10-6m4 r=V p Ay Ib = 2w[2(0.1 + 0.025)(0.05 + 0.1x0.025) w0.8 140 U.T.P.L. 573 RESISTANCE SOLUTION. the straight section of a wooden beam is an isosceles triangle, with the vertex up, height h and base b. If V is the vertical cutting effort, also prove that rMore = 3V/bh, and that takes place at the midpoint of height. 3 h=2h A
beam is made up of three sections 150 x 60 mm, glued together to form a section of 150 mm wide by 180 mm height. If the admissible cutter in the joints is 600 kPa, the admissible cutter in the wood is 900 kPa and the permissible normal also in the wood is 8 MPa, determine the maximum load evenly distributed that can withstand the beam on a 2 m.
142 MTR1 = R1 = R2.15 =W I=0.15x 7.0 = 12W. 600 kN m2 = 49.38w w = 12.15 kN/m rE.N = w(0.09x0.15)(0.045) (7.29x104a guil5)(0.15) rE.N = 55.56 w 900 kKN m2 = 55.56 w = 16.20 kN/m My [ w (0.09) 0=2 7.29x 14310 w/w=617.01010101010101011011x2=1x2=1x2=1x2=1x2=1x2=1x2=1x2=1x2=1x2=
1x2=1x2=1x2=1=1x2=1=1x1=1=1=1x2=1=1=1=1=1x2=1=1=1=1=1=1=1=1=1=1=1=1=1l=1=1=1=1=1=1l=1=1=1l=1=1=1=1=1=1=1=1=1=1=1=1=1=1=1=1
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