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En la fotografia se aprecia la lectura en el puente por parte del instructor.
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MODELO DE ARMADURAS PLANAS
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En esta fotografia se muestra la instrumentacién terminada de un “strain gage”,

la caja de los strain gages y otra caja con terminales que servirian para realizar

la instrumentacion.
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Esta fotografia nos muestra parte de una de las armaduras totalmente

conectada.
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V.4.1. Obtenciéon del método de elasticidad del acrilico.

El esfuerzo en el acrilico esta definido por:

T=Eg
Donde: T =esfuerzoen kg/cm®

E =médulo de elasticidad en kg /cm®
& =deforcion unitaria

en este ensaye la deformacién unitaria ¢ se obtiene directamente del strain gages a

través del puente de Winston.

El médulo de elasticidad se obtuvo con una probeta de acrilico instrumentado
aplicAndole gradualmente carga de 20 grs. En 20 grs., se muestra el registro de
lecturas y la gréfica respectiva, el médulo se obtuvo utilizando una linea promedio:

0827 0
~ 0.0098 — 0.009662

= 5993 ~ 6000kg / cm®

64



CAPITULO V

Carga (gramos) Lectura X10°
0 9662
20 96382
40 9694
60 9702
80 9712
100 9719
120 9723
140 9732
160 9736
180 9741
200 9743
220 9748
240 9753
250 9756
300 9768
350 9778
400 9789
450 9798
500 9803
550 9806
600 9807
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Deformecién unitaria (mm/mm

GRAFICA DE ESFUERZO vs DEFORMACION

s anngy

-
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CAPITULO V

V.4.2. Obtenciéon del médulo de elasticidad del acrilico.

Obtencion del peso de arena silica mediante la bascula.  Este dato nos ayudard

para hacer un registro de cargas ariadidas al ensaye.
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Fotografia tomada durante la aplicacién de la carga mediante arena silica.

68



CAPITULO V

En la fotografia se nos muestra a un ayudante realizando la sujecién de una

pieza metdlica que servird para después colocarle un gancho en el que se coloca

una tina para irle afadiendo la carga.
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La fotografia muestra la aplicacién de la carga realizada mediante arena silica.
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CAPITULO V

i sion para
Esta fotografia se representa la probeta para realizar el ensaye a ten pa

obtener el médulo de elasticidad del acrilico.
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V.5. Solucion analitica de armaduras.

Para fases de este trabajo, se escogieron cinco armaduras y se reprodujeron a escala
en acrilico, se instrumenté algunos elementos con strain gages con el fin de que
éstos, a través de deformaciones nos indicaran las fuerzas de tensién o compresion

en cada elemento instrumentado.
Para comparar los resultados experimentales con la referencia teérica, se analizaran

cinco armaduras isostticas, estas fueron resueltas por el método de nudos y

secciones; ademés se analizaron con un programa computacional, llamado SAP
2000,

Las armaduras propuestas son:

NMN /KK
(1) 4
(2

/

) 4
(3)

(5)
(4)
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V.5.1. Armadura 1

P
G HJ’
20|,
2
20F 3 ll
@ 30 @ P
20 El 4 s Jl
® 43 ®
20 7
60
RHA — @ - B?CD
RVA RVB
TFx=0 M, =0
RH,=0 — RV, (60)+45P +30P +15P =0
— RV, (60)+90P =0
— RV, =-90P/60P
RV, =1.5P
Fy=0
RV, +RV,-3P=0 RV, =15P
RV, +15P-3P=0
RV,-15P=0

Nota: Signo + indica tensién

signo = indica compresién.
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MODELOS DE ARMADURAS PLANAS

Nudo 1
K.
7 5 Sen O
<- B
Cos 6 C T
15P

2Fx =0

Fie —F,, c0853°=0

F,r —(-1.88P)(cos53°) =0

F.+113P=0

F, =1.13P tensién

ZFy=0

Fyp + F;(sen24°)+1.5P =0

8 = arctan @ =53°
60

fy=0

F,. (sen53°)+1.5P =0

1.5P
sen 53°

®=

F, =-188P

20

compresion

6 = arctan=— =24°
45

XFx=0

Fa(cos24®)+ F,, =0
F,,(cos24°)+1.13P=0

1.13P
F =-
% cos24°
F, =-124P

F,p +(~1.24P)(sen 24°) +1.5P = 0
F.,-05P+15P=0

Fp,+P=0

compresién

compresion



Nudo 3

J 1Sen 53
5 P
os 24° o °
LA X
ZeX:
Cos 53° 'Sy, 24°

Sen ss:s\ Fy =_%en53°

A~

A

CAPITULO V

ZFy=0

F,,(sen5¥) - F,,(sen2®) - F, (senSF) ~ P=0

F,, (sen5F) - (~124P)(sen24) — (-1 88P)(senSF) - P=0
F,,(senS¥) +0.5P+1.5P—P=0
F,,(senS%)+P=0

F,, =-125P

compresién

Fx=0

F —F;,(cos53%) - F;(cos24°) + F,, (c0s53°)=0
Fy, - (-1.25P)(c0s53°) — (~1.24P)(c0s24°) + (-1 88P)cos53°) = 0

Fy +075P+1.13

F =0.75P

iFy=0
F,z + F(sen34°)

F,p +(-0.9P)(sen34°) - (-P) = 0

F;—05P+P=0
F,z+05P=0

Fop=-05pP

P-113P=0

tensién

Xfx=0

F(cos34°)+ F, =0
Fs(cos34°)+ F, =0

0.75P
cos 34°

45 =

—

Fy =-09P

-Fp =0

compresién

compresién
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LFy=0

F, (sen53°) - Fis(sen34°) - F, (sen53°)-P=0

F;, (sen53°) —(-0.9)(sen34°) ~ (—1.25P)(sen53°) - P =0
F, (sen53°)+05P+P-p=9

__0sP
¥ sens3e
Fy - -063P Compresién

F,, - F,;(cos53) - F,;(c0s34°) + F; (c0s53°) = ¢
F,, - (-0.63P)(cos53°) — (-0.9P)(c0534°) + (125 P)(c0s53°) = 0
F, +038P +0.75p-0.75P=0

F, =038P tension

0 = arcton 22 - 530
15

Nudo 6 EFI:O
m¢2 , Fy(cos53°) + F,, =0
Fl o, 3 F,;(c0s53°) +0.38P =0
o 0.38P
Cos 8 _
Bl 4 FB __cos53°

F, =-063P | compresion

iFy=0

F.r +F,;(sen53°)- Fis =0

F.p +(-0.63P)sen53°) - (—O.SP) =0
F,.-05P+05P=0

F.p =0
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CAPITULO V

e

Yry=0
Nudo 7 F,, (sen53°)-F, (sen5¥)—F,, (sen53)-P =0
P\ e F,, (sen53°)-(0.63P)(sen53°)-0.63P(sen5¥)~P = 0
RO A L8 F, (sen53°)+0.5P+05P-P = 0
/ 2 327N
Cod 53747 3 'S 53
Sen 53%

> F,=0
XFx=0

F, — F;; (c0s53°) = F5,(cos53°) + F;; (cos53°) = 0
F,, — (0)(c0s53°) - (-0.63P)(cos53°) + (-0.63P)(cos53°) =0
F,-0+038P-038P =0

F,=0
ZFy=0
Fg-F,p =0
Nudo 8 Fg-0=0
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MODELOS DE ARMADURAS PLANAS

V.5.2. Armadura 2

P D P E P P P
@J’ = @ . @ 40 40 w
2 5 g
28 25 28 2% 25 28
C 30 1 3 po 4 6 1o 7 o ho G
I-i’zs 25 i § 25 25 D 1 25 23
RHA—)@ﬁ % B.Q.@
! )
RVA RVE
LFx=0 IM, =0
RH ,=0 —RV;(120)+40P + 80P +120P =0
-RV;(120)+240P =0
_ _ _240P
2 120
RV, =2P
ZFy=0

RV, +RV,-4P=0
RV, +2P-4P=0
RV,-2P=0

RV, =2P

Nota: Signo + indica tensién
Signo - indica compresién.
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CAPITULO V

2y =0
Fo+F,(cos53°)+2P =0
Fo +(0)cos53°)+2P =0
Fe+0+2P=0

F.=2P compresién

2Fx =0

F,p, + F, sen53°)=0
F,p +(1.66P)(sen53°)=0
F,, +133P=0

F,p =-1.13P

0=arctanE=53°
15

2Fx=0
Fy(sen53°)=0

Fig =0

ZFy=0

- Fy(c0s53°)~Fie ~P =0

- F,(c0os53°)-(2P)-P=0
- F,(cos53°)+2P-P=0
—F,(cos53°)+P=0

P
-F. =-
B cos 53°
F, =1.66P
tensién

compresion
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L S e e ——————————

Incégnitas
Seccién C-3 F, =7
P

8=arctanE=37°
20

IMo=0
F,, (sen37°)}40) + 40P - 2P(40)=0
F,;(24.07)+ 40P -80P = 0
F,;(24.07)-40P =0
_ 40P
kY B W

F,; =1.66P |tensién

Seccion C-3

[ncégnitas
E,=1

Mo =0
~F,(sen53°)=0

F,=0

LFx=0
F,,(sen53°)-F,,(sen53°)=0

FE,,(sen53°)—(1.66P)(sen53°)=0
Nudo 4 F,_(sen53°)-133P=0
Cos $3° 133P
Cos 53° F, = -
314 / sen 53
I 317532, J
*Sen”s3° Sen Fy =167P tensién
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CAPITULO V

--—_—e----—r———8 — — 5 5 5 TS

2Fy=0

F,, +F,,;(cos53°)+ F,, (cos53°)=0

F,, +1.66P(c0s53°)+1.67P(cos53°)=0
Fuo+P+P=0

F,+2P=0

F,, =2P |compresion

ZFy=0
Fis(c0s53°)— F,(cos53°)-F,,—P=0
Fi(c0s53°) — (0)(cos53°)—(-2P)—-P =0
F(cos53°)—-(0)+2P-P=0
F,(cos53)-0+P =0

-P
cos53°

Fy=

Fis=-1.66P | compresion

LFx =0

F,z + F;(sen53°)—F,(sen53°)-F,, =0

F,z +(1.66P)(sen 53) — (0)(sen53°)-(-1.33P)=0
F,; -1.33P-0+133P=0

Fz=0

Nota: como la armadura es simétrica, entonces:
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F. =F,; =2P compresion
Fig =F5, =0

F, =F, =1.66P tension

F,, = F,r =1.33P compresion
Fp=F,=0

Fy, =F,, =1.66P tension

F,, = F,, =1.67P tension
Fy = F, =1.66P compresion
F,, = Fg =2P compresion
FEs =0
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CAPITULO V

V.5.3. Armadura 3

m
E F 20.00
o 5 6 o
20.00
3 8 |
H
C 4 7 20.00
1 2 9 10
B I
RHA —) £ J ) Nk
y L w - w
P P P P P
RVA 2000 | 2000 , 2000 , 2000 , 2000 , 2000 l}',VI
1 | L) ] T 1
A

IM , = P(20)+ P(40) + P(60) + P(80) + P(100) — R,, (120) = 0
P(300)- RV, (120)=0

; =%)%p RV, =2.5P
SFy=5P—RV,~-25P=0
RV, =5P-2.5P RV, =25P
ZFx=RH , =0

RH, =0

Nota: Signo + indica tensién.
Signo - indica compresién.
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IM,_0 = 2.5P(20) +(F,, }20) =0

po-0o I< 5 o 225PQ0)
45 = —
c 14 (20)
20.00
1| 2 .
'“ﬁ A F,=-2.5p | compresion
2P 20.00 ¥ 2000

IM ,, = 2.5P(20)+ [F,. cos45°(20)] = 0
S0P + F,. 14.14=0

_ 50P

T 1414

\C

F,=3.54P tension

M ,_, =2.5P(40).P(20) + F,, (20) - F,, (sen 45° (40) = 0
80P + F,,(20) - (100) = 0
(100-80(P _ 20P
F,2 = =
20 20

F,=1P

tensién

M, = P(20) + F,, sen 45°(40)=0

20.00
=22 _omp
h0.00 28.28
B - tensién
S F,=071P

P 2000 ¥ 2000 *,

T

=M ,_, =2.5P(40) — P(40) + F,, (-/800) =0
£ _ 80P
/800

F,, =2.83P




CAPITULO V

tension
20.00 7’ IM,_, = 2.5P(20)- F,,(20) = 20
T ) . E. - 2.5P(20)
20.00 20
T 3 F,,=25P | tensién
20.00 ¢ 4
1 2
B
1% i 5
2.5P w A b
P P
. 2000 2000 2000
IM , =—P(20) - P(40) - F, (40) =0
_60p
* 7 40
Fy =1.5P tensién
M, , =25R60—-A40-A20+(F;)0/2009=0
15(P—60P+F,(/2000
g P
£ Jag +20
F,=201P
40% + 20°
40 40
tgf = E
@ = 63°26'
20
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y

IM, =0
IM , = -P(20) - P(40) - F, sen 63°26' (60)=0
- 60P + F,;(53.66)=0

_Sp
¥ 5366
F,=1.12P

IM ., = 2.5P(40)-20P - F,,(40) =0
100P - 20P ~F,,(40)=0
80P -F,,(40)=0

80P
“ a0
F, =2P
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CAPITULO V

V.5.4. Armadura 4
E 20.00
s 6 LY . -
D .
. 20.00
3 . I
C 4 \‘ 20.00
1 2
B~ 1 NN . 1]
T ‘lL JP w
2.5P P P P
, 2000 . 2000 , 20.00 | 60.00 :
A
IM, =0=>2.5P(120) - P(100) - P(80) - P(60) + F 60
300P — 240P + F, 60
60P
F,o=———
* 60
F,=1P
RV, |\RH,| RV, | Fia | Fie | Fiz | Foa | Fas | Fap | Faq | F4a | Fus | Fse | Fss
25P| 0 |25P |-25P|353P| 1P | 25P |.707p| 2.82P| 1.5P | 2P |1.12P|2.01P| 1P
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20.00 _20.00

S

RVA RVB

M, =0
~ RV, (40)+20P +40P +55P +70P +85P =0
- RV,(40)+270P =0

_RV, = —-270P
40
RV, =6.15P
ZFy=0

—~RV,+RV,-5P=0
~RV,+6.75P-5P =0
—RV,+1.75P =0

RV, =1.75P
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CAPITULO V

ZFx=0

—-RH ,+F;(cos72°)=0
—RH , +(1.84P(cos72°)=0
—RH ,+057P=0

RH , =0.57P

2Fx =0
-RH +RH,; =0
—-0.57P+RH,; =0

RH,=057P

0 = arcton @ =72°
20

XFy=0

F,sen72°)-175P =0
1.75P

sen72°

C=

Fc =184P tensién

6 =arcl‘onli =18°

IFx=0
Fp(seni8°)+0.57P =0
0.57P
sen 18°

w ="

Fp =-184P | tonsién
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e ——————— . . ————— |

2Fy=0

Fz +F (cosl8)+6.75P =0
Fig +(1.84P)(cos18°)+6.75P =0
Fz+1754675P=0
Fp+85P=0

Fig=-85P compresién

8 = arcton % =72°

ZFy =0
F,r(sen72°) - F,(sen 72°)=0
F,z(sen72°)—(1.84P)(sen 72°)=0

F,r =1.84P | tensién

LFx=0
F,, —F,(cos72°)+ F,,(cos72°)=0
F, —(1.84P)(cos72°) +(1.84P)cos72°) =0

F_,=0
9=arctan=E=34°
Nudo 4 15
. LFx =0
3 '‘Cos & o
2\l G F, (sen34°)F, =0
e e F,;(sen34°)-0=0
Fs;=0
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CAPITULO V

ZFy=0

F,; +F,(c0s34°)-Fz =0
F,q +(0)(cos34°)—(-8.5P)=0
F,; +0+85P=0

compresion

= arcton—s— =56°
10

TFy=0

F,;(sen12°)-F, (sen56°)-F,, (sen72°} =0
F,,; (sen72°)—(0)(sen 56°)—(1.84P)(sen 72) = 0
F,;(sen72°)-0-(1.84P)sen 72°) =0

F,; =1.84P | tension

LFx=0
F,, —F,, (cos72°)— F,; c0872°-F,(cos56°) =0
F,, —(1.84P)(cos72° ) +(1.84P)(cos 72°) + —(0)(cos56°) = 0

F, =0

15 o
Nudo 6 9=arctanﬁ=45
b TFx =0
) 5 ‘; —F(sen45°)-F, =0
2]
<- —F,(sen45°)-0=0
Sen © 3 |G hd
F,=0
ZFy=0

FS! +F45(OOS45°)—F30 =0
F,, +{0)(cos45°)—(-8.5P)=0
F, +0+85P=0

F, =8.5P

compresion
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(= —— e —— ——

0=arctonE=4S°
15

Y =0

Fiy (580 72°) = F o (560 72° ) — F s (s 45°) =0
F,(sen 72° Y0(1.84P)(sen 72°)— (0)(sen 45°) =0
F,,(sen72°) - (1.84P)sen 72°)~0 = 0

Fy; =1.84P | tension

ZFx=0
Fy —F,(cos72°)+ F,, (cos72° )+ F;s(cos45°) =0
F —1.84P(cos72°)+(1.84P)(cos72° )+ (0)(cos45°) =0

F, =0
8=arcton%—2—=53°
Nudo 8 $Fe =0
7 [Cos © Fq(sen53°)=F, =0
A& Fy(sen53°0=0
Sm @ 5 i
F,=0
Ly =0

Fop + Fg(cos53°)—F; =0
Fx +(0)(cos53°)—(-8.5P)=0
Fop +0+85P=0

F,, =85P compresién
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CAPITULO V

@ = arctan 20 _ 45°
20

a= 4:1:'ctanE =37°a
20

Fyi (sen45°)—F, (sen 72°) - F, (sen37°) - (F, Xsen 72°)-P =0
Fy, (sen 45°) - (1.84P)(sen 72°) —(0)(sen 37°)— (1.84P)(sen 72°)-P =0
Fy, (sen45°)-1.75P-0-1.75P-P =0
45P
sen 45°

Fsr.=

Fy, =636 tension

2Fx =0 )
Fy +Fy (cos45°)+ F; (cos37° )+ F, (cos 72°) — (F (cos 72°) = 0
Fog +(6.36P)cos45°) +(0)(cos37)+(1.84P)(c0s 72°)— (1.84P)(cos 72°) = 0

Fopu+45P=0
Fgy=—-45P compresién
ZFx=0
Nudo 10 Fy+F, =0
s 1o -(—4.5P)+F,, =0
N 45P+F,, =0
7 kN
' F,, =-4.5P |compresién
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—————————————=

2Fy=0
Fopp-F,, =0
Fuy(-8.5P)=0
Fyy +85P=0

F, =-85P

compresién

YFx =0

] =arct::mE =37°
20

a=arctan£=66°
20

F,_,,(sen37°)+ Fq,, (sen 66°)— F;; (sen 45°) =0
F, ,(sen37°)+ Fy,, (sen 66°) - (6.36P)(sen 45°) =0

Fy_,(sen37°)+ Flon (sen 66° )= 45P

45P - P.‘I.OM (Sen 660)

F. . =
910 sen37°

2Fy =0

F,_,o(c0837°) - Fi) (c0s 66° ) — (Fy Nc0s 45° )~ Fyy =P =0

_ [4. 5P-F,,,(sen66°)
sen37°

](cos 37°) - Fio, (c05 66° ) — (6.36P)(cos 45° ) - (-8.5P)-P =0

—5.97P +1.21F,4, —0.41(F,,,, )(cos 66°) - (6.36 P)(cos 45° ) —(-8.5P)-P =0
—5.97P +1.21Fg, ~0.41(F,, )-4.5+85P-P=0

0.8F,,, -2.97P=0

297P
(Flow ) = _0_8_
Fou =3.7P tensién

24



CAPITULO V
%

4.5P - F,,, (sen6°)

F. .=
o sen 37°
4.5P(3.7P)(sen 66°)
Fmo = 5
sen37
45P-338P
F9lo A r—
sen 37
_ 1.12P
M sen37°
F9I0 =1.86P tensién
8 = arcton 20 =53°
15
Nudo 12 ZFy=0
458 F‘lo_n +F9,o(sen53°)=0
AN Foyy +(1.86P)(sen 53°) =0
Cos 8 N6 P Fiop +149P=0
Eo.n =-149P compresién
LFx=0

Fip —F5(s53°)-Fyy =0

F,,» —(1.86P)cos53°) - (—4.5P) =0
Fp-1.12P+45P=0

F,, +3.38P=0

F,,=-3.38P compresion

@ = arctan 1—53 = 48°

Nudo 13
M Cosb

a = arctan ﬂ =66°
133
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e |

2Fx =0

Bz (sen 48°) + Fy, (sen 66°) - F,y,, (sen 66°) = 0
)12 (sen 48°) + F,y (sen 66°) - (3.7P)(sen 66°) = 0
F\ 12 (sen 48°) + F,y, (sen 66°) = 3.38P
F_3.38P-Fy(sen66°)
1n-12 =
sen 48°

LFy =0
"'Fn-u (cos48°)— F\y (cos 66°) + F,y,, (c0866°) - F, |, —P=0
_(38P—Fm(sen 66°)

sen 48
~3.04P +0.82F,, —0.41F 5 +1.5P+1.49P-P =0
0.41(F,,,)-1.05P =0

_1.05P

2 0.41

J(cos48° )= F3 (cos66°)+(3.7P)-(-1.49P)-P =0

F,, =2.56P tensién

3.38P — F,,, (sen 66°)
sen 48°

3.38P — (2.56P)(sen 66°)
Foa = sen 48°
3.38P-234P

sen 48°

_ 1.04P
"-12 7 sen 48°

Fin=

Fip=

F,,., =1.4P

tension
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CAPITULO V

0 = arcion >3 - 42°
Nudo 14 15
2Fx =0
ASen ©
12 I 13 F;I—IZ(COS42°)—F;|P +E3R=O
et Fiag - (L4P)(cos42°) - (~3.38P) = 0
mhroR F..~1.04P +338P =0
F,. +234P=0
Fi3p =-2.34P compresién
2Fy=0
Fio s+ F_;(send2°)=0
F,_; +1.4P(sen42°)=0
F, .+094P=0
F;Z—|3 = _094P Compl’esién
TFx=0
F30(sen66°) - Fi5, (sen66°) = 0
0 Nl:::: :: Fi3p(5en66°)—2.56P(sen 66°) = 0
P Q F3p(sen66°)—2.34P =0
LN 2.34P
66° Fao =
o 13 sen 66°
Cos 66‘: —_
Fl;g =2.56P
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MODELOS DE ARMADURAS PLANAS

V.5.5. Armadura
Armadura 5
P P P P P P
10.0
10.0 \
20.0
o
. 200 _ 200 . 200 ,_ 200 _ 200
R =3P
R, =3P
Nudo 1
Nudo 1
Fa XFx=0
Fa
F,=0
+/ Ly =0
3P 3P+0-F, =0
F,=3P
Nudo2
ZFy=0
Nudo 2 1
3P-P-F, =0
. {%)
%m FC =22P
=0
2J2P| —= |-F, =0
{35 )
F,= 2P
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Nudo 3

ZEP,})FE

Nudo 4

e

3P

Nudo §

Fi

6P T

CAPITULO V
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MODELOS DE ARMADURAS PLANAS

#

Nudo 6

FL

5P

Nudo 6
TFy=0
zﬁP(%]—ﬁP[%}-P+FK =0
FK =0
a3 o3
F,=6P

Nudo 7
ZFx =0
3 a3 o
TFy=0

A3 o

Multiplicando (2) por2

2 2\_
Ef ) EE @
Sumando (1) y (3)

()0
F,=0

Sustituyendo Fy, en(1)
F, =0
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CAPITULO V

Y como la armadura es simétrica

F,=F,=0
Fg=F,=3P
F.=F,=2\2P
Fp=Fi=2P
Fe=Fg=-/5P
Fe=Fs=3P
Fe=Fy=25P
Fy=F¢=6P
F=F,=P
F,=6P

F,=6P

101



T

MODELOS DE ARMADURAS PLANAS

V.6. Soluciéon de armaduras por medio del programa SAP 2000

Las cinco armaduras en estudio, ahora se analizan por medio de un programa
computacional llamado SAP 2000.  Estos resultados coinciden con los anélisis

efectuados por medio del método de nudos y secciones.
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armadura triangular - EXAMPLE 1 - TWO-DIMENSIONAL TRUSS
1

DISPLACEMENT DEGREESS OF FREEDOM

(A) = Active DOF, equilibrium equation
(-) = Restrained DOF, reaction computed
{(+) = Constrained DOF
( ) = Null DOF
JOINTS UX UY UZ RX RY R2Z

1 - -

2 A -

3 TO 9 A A

Program SAP2000 Educational Version 6.13
File:EJEMPLOl.OQUT

COMMERCIAL USE PROHIBITED

Page

armadura triangular - EXAMPLE 1 - TWO-DIMENSIONAL TRUSS

2
TOTAL ASSEMBLED JOINT MASSES

IN GLOBAL CCORDINATES
ux [ 4 Uz RX RY

R2

TOTAL .000000 . 000000 . 000000 . 000000 .000000
. 000000

TOTAL ACCELERATED MASS AND LOCATION

TOTAL MASS ACTIVATED BY ACCELERATION LOADS, IN GLOBAL COORDINATES
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MASS
X-LOC
Y-1L0C
Z-L0C

13,4
. 000000
+000000
.000000
.000000

Uy
+000000
» 000000
. 000000
000000

Uz
+ 000000
.000000
.000000
.000000

Program SAP2000 Educational Version 6.13
File:EJEMPLOl.OUT
COMMERCIAL USE PROHIBITED

Page

armadura triangular - EXAMPLE 1 - TWO-DIMENSIONAL TRUSS

3

JOINT

DISPLACEMENTSS

TRANSLATIONS AND ROTATIONS, IN GLOBAL COORDINATES

COMB UNICA --

JOINT
1
2
3
4
5
6
7
8
9

COMB

8
H
=
|

WEO-IN N W=

UNICA

UX uz

. 000000 .000000
2.25E-05 .000000
-1.57E-05 -6.67E-06
-4.45E-06 -3.97E-05
-3.89E-06 -1.00E-05
-1.42E-07 -4.95E-05
2.43E-05 -1.00E-05
2.43E-05 -3.77E-05
6.13E-05 -1.00E-05
UX Uz

. 000000 . 000000
2.25E-05 .000000
-1.57E-05 -6.67E-06
-4.45E-06 =3.97E-05
-3.89E-06 -1.00E-05
-1,.42E-07 -4.95E-05
2.43E-05 -1.00E-05
2.43E-05 -3.77E-05
6.13E-05 -1.00E-05

MAX

MIN

Program SAP2000 Educational Version 6.13
#ile:EJEMPLOL, QUT
LCOMMERCIAL USE PRCHIBITED

Page

armadura triangular - EXAMPLE 1 - TWO-DIMENSIONAL TRUSS

APPLIED

LOADS

FORCES AND MOMENTS ACTING ON JOINTS, IN GLOBAL COORDINATES

COMB UNICA ----

JOINT
4
6
8

FX
. 000000
.000000
. 000000

F2
=0.200000
=-0.200000
-0.200000

COMB UNICA -- -

MAX

MIN
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JOINT FX F2

4 .000000 =-0.200000

6 . 000000 =0.200000

8 .000000 -0.200000
Program SAP2000 Educational Version 6.13
File:EJEMPLO1l.OUT
COMMERCIAL USE PROHIBITED

Page
armadura triangular - EXAMPLE 1 - TWO-DIMENSIONAL TRUSS
5

RESTRAINT

FORCES ((REACTIONS)

FORCES AND MOMENTS ACTING ON JOINTS, IN GLOBAL COORDINATES

COMB UNICA MAX
JOINT FX F2
1 =-5.55E-17 0.300000
2 +000000 0.300000

CCMB UNICA - MIN
JOINT FX F2
1 -5.55E-17 0.300000
2 .000000 0.300000

Program SAP2000 Educational Version 6.13
File:EJEMPLO1l.0OUT
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armadura triangular - EXAMPLE 1 - TWO-DIMENSIONAL TRUSS

6

GLOBAL

FORCE

BALANCE

TOTAL FORCE AND MOMENT AT THE ORIGIN, IN GLOBAL COORDINATES

LOAD VIVA -
FX FY FZ
M2
APPLIED .000000 .000000 -0.600000
.000000
REACTNS -5,.55g-17 .000000 0.600000
.000000
TOTAL =-5.55E-17 .000000 =2.22E-16
.000000
COMB  UNICA - MAX
FX
iz FY F2
APPLIED . 000000 . -0.
006600 000000 0.600000
REACTNS  -5,55p-
1000500 17 .000000 0.600000
TOTAL -5.55g-17 .000000 =2,22E-16

M
+ 000000

. 000000

.000000

MX
. 000000

. 000000

. 000000

MY
18.000000

-18.000000

=7.11E-15

MY
18.000000

-18.000000

-7.11E-15
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000000

COMB  UNICA - MIN
FX FY F2 MX
M2
. APPLIED «000000 .000000 -0.600000 .000000
000000
REACTNS -5.55E-17 .000000 0.600000 .000000
.000000
TOTAL -5.55E-17 .000000 -2.22E-16 »000000
» 000000

Program SAP2000 Educational Version 6.13
File:EJEMPLO1.OUT

COMMERCIAL USE PROHIBITED
.page

armadura triangular - EXAMPLE 1 - TWO-DIMENSIONAL TRUSS

FRAME ELEMENT INTERNAL FORCE

ELEM 1 ==== LENGTH = 20.000000
COMB  UNICA =——————mmmmmemo— e MAX

REL DIST P V2 V3 T
M3

0.00000 -0.200000 .000000 .000000 .000000
.000000

1.00000 -0.200000 .000000 .000000 .000000
»000000

COMB  UNICA - -- MIN

REL DIST P v2 V3 T
M3

0.00000 -0.200000 .000000 .000000 .000000
.000000

1.00000 -9,200000 .000000 .000000 .000000
»000000

ELEM 2 m==========—====x== LENGTH = 20-000000
COMB  UNICA ——cmemmememcmae e MAX

REL DIST V3 T
M3 P V2

0.00000 -q. . 000000 .000000
.000000 100000 .000000

1.00000 -g, .000000 .000000
000000 100000 .000000

COMB UNICA - e - MIN

REL
w o IST P v2 v3 T
0.00000
000000 0.100000 -000000 .000000 -000000
1.00000  -0,39qpgg .000000 .000000 .000000

MY
18.000000

-18.000000

-7.11E-15

M2
. 000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000
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.000000

COMB UNICA MAX

REL DIST P v2 v3 T
M3

0.00000 -7.60E-17 .000000 .000000 .000000
. 000000

1.00000 -7,60E~17 .000000 .000000 .000000
.000000

COMB UNICA MIN

REL DIST P v2 V3 T
M3

0.00000 =7.60E-17 .000000 . 000000 . 000000
.000000

1,00000 -7.60E-17 .000000 .000000 .000000
, 000000

ELEM 4 == == LENGTH = 20.000000
COMB  UNICA ~ MAX

REL DIST p 2 v3 T
M3

0.00000 -1.22E-16 .000000 . 000000 . 000000
.000000

1.00000 -1.22E-16 .000000 ,000000 .000000
.Q000000

Program SAP2000 Educational Version 6.13

File:EJEMPLOLl.0OUT

COMMERCIAL USE PROHIBITED

Page

armadura triangular - EXAMPLE 1 - TWO-DIMENSIONAL TRUSS
8

FRAME ELEMENT INTERNAL FCRCES
COMB UNICA == MIN

REL DIST P V2 v3 T
M3

0.00000 =-1,22E-16 . 000000 .000000 .000000
.000000

1.00000 -1.22E-16 000000 .000000 .000000
.000000

ELEM 5 = LENGTH = 25.000000
COMB  UNICA ————————— MAX

REL DIST P V2 v3 T
M3

0.00000 =0,375000 .000000 .000000 .000000
. 000000

1.00000 -0.375000 .000000 .000000 .000000
.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000
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REL DIST
M3

0.00000 -0,

.000000

1.00000 -Q.

.000000
ELEM 6
COMB  UNICA

REL DIST
M3

0.00000 -0,

.000000

1.00000 -9,

. 000000

CCMB UNICA

REL DIST
M3

0.00000 -0,

.000000

1.00000 =-0.

.000000

ELEM 7

REL DIsST
M3

0.00000 -0.

. 000000

1.00000 -0.

.000000
CCMB  UNICA

REL DIST
M3

0.00000 -0.

.000000

1.00000 -0.

.000000

------------------ MIN
P V2 V3
375000 .000000 .000000
375000 .000000 . 000000
LENGTH =
MAX
P v2 V3
250000 .000000 .000000
250000 .000000 . 000000
MIN
P V2 V3
250000 .000000 .000000
250000 .000000 .000000
=====c=—=========s LENGTH =
__________________ MAX
P V2 v3
125000 .000000 .000000
125000 .000000 .000000
—————- -- MIN
P V2 V3
125000 . 000000 .000000
125000 .000000 .000000

Program SAP2000 Educational Version 6.13
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COMMERCIAL USE PROHIBITED
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T
.000000

. 000000

25.000000

T
.000000

. 000000

T
. 000000

. 000000

25.000000

T
. 000000

.000000

T
. 000000

. 000000

armadura triangular - EXAMPLE 1 - TWO-DIMENSIONAL TRUSS

9
FRAME

ELEM 8

ELEMENT

2

INTERNAL

= LENGTH =

FORCES

25.000000

M2
.000000

. 000000

M2
.000000

. 000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000
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COMB  UNICA -~

REL DIST P v2
M3

0.00000 1.31E~-17 . 000000
.000000

1.00000 1.31E-17 .000000
.000000

COMB UNICA

REL DIST p V2
M3

.000000

1.00000 1,.31g-17 .000000
. 000000

COMB UNICA —-

REL DIST P v
M3

0.00000 0.225000 .000000
. 000000

1.00000 0.225000 .0000900
.000000

COMB UNICA

REL DIST P v2
M3

0.00000 0.225000 .000000
. 000000

1.00000 0,225000 . 000000
. 000600

ELEM 10
COMB  UNICA -
REL DIST p 2
M3

0.00000 -0, .000000
.000000 246221

1.00000 g, .000000
.000000 246221

CCMB UNICA --

REL DIST v2
M3 F

0.00000 —q_ .000000
.000000 246221 000
1.00000 g, 0
.000000 246221 -00000
ELEM 11 B )

MAX
V3
. 000000
. 000000

MIN
V3
.000000

.000000

LENGTH =
MAX
V3
.000000

.000000

v3
.000000

. 000000

LENGTH =
MAX
v3
.000000

.000000

MIN
V3

.000000

.000000

LENGTH =

T
» 000000

. 000000

T
.000000

.000000

60.000000

T
.000000

.000000

T
.000000

.000000

49.244289

T

.000000

. 000000

T
.000000

.000000

45.000000

M2
+ 000000

. 000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

109



REL DIST P v2 v3
M3

0.00000 0.150000 . 000000 .000000
.000000

1.00000 0.150000 .000000 .000000
.000000Q

Program SAP2000 Educational Version 6.13
File:EJEMPLOl.QUT

COMMERCIAL USE PROHIBITED
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T

.000000

.Q000000

armadura triangular - EXAMPLE 1 - TWO-DIMENSIONAL TRUSS

10

FRAME ELEMENT

COMB  UNICA —-—- ——————— MIN

REL DIST P v2 V3
M3
0.00000
.000000
1.00000
.000000

0.150000 .000000 .000000

0.150000 .000000 .000000

ELEM 12 Emmm LENGTH =

REL DIST P v2 V3
M3
0.00000
000000
1.00000
.000000

. 000000

=0.180278 .000000

-0.180278 .000000 .000000

—-= MIN

REL DIST p V2 v3

0.00000
»000000

1.00000
»000000

.000000

-0.180278 .000000

.000000

~0.180278 .000000

ELEM 13 === = LENGTH =

REL DIST
M3
0.00000
.000000
1.00000
.000000

P V2 V3

.000000

0.075000 . 000000

.000000

0.075000 . 000000

INTERNAL

FORCE

T

.000000

.000000

36.055513

T
. 000000

. 000000

T
. 000000

. 000000

30.000000

T
. 000000

.000000

M2
+000000

.000000

M2
.000000

.000000

M2
. 000000

.000000

M2
.000000

.000000

M2
.000000

.000000
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M3

0.00000 0.075000
,000000

1.00000 0.075000
.000000

ELEM 14 =m==

COMB  UNICA --

REL DIST P
M3

0.00000 -0.125000
,000000

1.00000 =0,125000
.000000

COMB UNICA

REL DIST P
M3

0.00000  -0,125000
.000000

1.00000 -0.125000
.000000

. 000000 »000000
.000000 .000000
= LENGTH =
MAX
v2 V3
.000000 .000000
.000000 .000000
MIN
V2 v3
.000000 .000000
.000000 .000000
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. 000000

.000000

25.000000

T
.000000

.000000

T
.000000

.000000

armadura triangular - EXAMPLE 1 - TWO-DIMENSIONAL TRUSS

11
FRAME
ELEM 15

COMB UNICA

ELEMENT

LENGTH =

MAX

REL DIST P
M3

0.00000  -4,32E-17
.000000

1.00000 -4,32g-17
.000000

v2 V3
.000000 . 000000

.000000 .000000

COMB UNICA

REL DIST P
M3

0.00000 -4.32E-17
.000000

1.00000 -4,32g~17
.000000

MIN
V2 v3

. 000000 . 000000

.000000 . 000000

INTERNAL

FORCE

15.000000

T
.000000

. 000000

T
. 000000

. 000000

. 000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

. 000000
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Armadura - EXAMPLE 2 - TWO-DIMENSIONAL TRUSS
1
DISPLACEMENT DEGREES OF FREEDOM
(A) = Active DOF, equilibrium equation
(=) = Restrained DOF, reaction computed
(+) = Constrained DOF
( } = Null DOF
JOINTS UX UY U2 RX RY RZ
1 - -
2 TO 9 A A
10 A -
11 A A

Program SAP2000 Educational Version 6.13
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COMMERCIAL USE PROHIBITED

Page

Armadura - EXAMPLE 2 - TWO-DIMENSIONAL TRUSS
2

TOTAL ASSEMEBLED JOINT MASSES
IN GLOBAL COORDINATES

UX 3 4 Uz RX RY
RZ

TOTAL . 000000 . 000000 .000000 .000000 .000000
.000000

TOTAL ACCELERATETD MASS AND LOCATTION

TOTAL MASS ACTIVATED BY ACCELERATION LOADS, IN GLOBAL COORDINATES
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UX uY uz

MASS . 000000 .000000 » 000000
X-10C . 000000 .000000 .000000
Y-LOC . 000000 . 000000 .000000
Z2-LOoC . 000000 .000000 .000000

Program SAP2000 Educational Version 6.13
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COMMERCIAL USE PROHIBITED

Page

Armadura - EXAMPLE 2 - TWO-DIMENSIONAL TRUSS
3

JOINT DISPLACEMENTSS

TRANSLATIONS AND ROTATIONS, IN GLOBAL COORDINATES

COMB  UNICA MAX

JOINT Uux vz
1 .000000 . 000000

2 0.000186 =-2.00E-05

3 0.000109 -0.000145

4 8.25E-05 -0.000204

5 0.000168 -0.000224

6 0.000150 -0.000271

7 0.000217 -0.000204

8 0.000132 -0.000224

9 0.000191 -0.000145

10 0.000300 .000000

11 0.000114 -2.00E-05

COMB  UNICA MIN

JOINT 1.4 vz
1 .000000 . 000000

2 0.000186 -2.00E-05

3 0.000109 -0.000145

4 8.25E-05 -0,000204

5 0.000168 =-0.000224

6 0.000150 =-0.000271

7 0.000217 =0.000204

8 0.000132 -0.000224

9 0.000191 -0.000145

10 0.000300 .000000

11 0.000114 -2.00E-05
Program SAP2000 Educational Version 6.13
File:EJEMPLO2.QUT
COMMERCIAL USE PROHIBITED
Page
Armadura - EXAMPLE 2 - TWO-DIMENSIONAL TRUSS
4

APPLIED LOADS
FORCES AND MOMENTS ACTING ON JOINTS, IN GLOBAL CQOORDINATES

COMB UNICA - MAX

JOINT FX FZ
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¥, -
5 .000000™ =-0.200000
8 »000000 -0.200000
11 - 000000 -0.200000
COMB UNICA = MIN
JOINT FX FZ
2 . 000000 -0.200000
5 .000000 -0.200000
8 + 000000 =0.200000
11 . 000000 =0.200000

Program SAP2000 Educational Version 6.13
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Armadura
5

- EXAMPLE 2 - TWO-DIMENSIONAL TRUSS

RESTRAINT FORCES

(REACTIONS)

FORCES AND MOMENTS ACTING ON JOINTS, IN GLOBAL COORDINATES

COMB UNICA -—=—————m oo MAX
JOINT FX FZ
1 2.47E-15 0.400000
10 .000000 0.400000

COMB  UNICA ——==———cm—em— e MIN
JOINT 1,4 FZ
1 2.47E-15 0.400000
10 .000000 0.400000

Program SAP2000 Educational Version 6.13
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Armadura - EXAMPLE 2 - TWO-DIMENSIONAL TRUSS
6
GLOBAL FORCE BALANCE
TOTAL FORCE AND MOMENT AT THE ORIGIN, IN GLOBAL
LOAD VIVA —-—— - -
FX FY F2
MZ
APPLIED .000000 .00G6000 -0.800000
. 000000
REACTNS 2.47E-15 .000000 0.800000
.000000
TOTAL 2.47E-15 .000000 3.33E-15
. 000000
COMB  UNICA =—eemem e MAX
FX FY F2

COORDINATES
MX MY
.000000 48.000000
.000000 -48.000000
. 000000 -1.71E-13
MX MY
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M2

APPLIED +000000 .000000 -0.800000 .000000
.000000
REACTNS 2.47E-15 .000000 0.800000 .000000
,000000
TOTAL 2.47E-15 .000000 3.33E-15 .000000
.000000
COMB UNICA MIN
FX FY F2Z MX
MZ
APPLIED »000000 .000000 -0.800000 . 000000
.000000
REACTNS 2.47E-15 . 000000 0.800000 .000000
.000000
TOTAL 2.47E~15 .000000 3.33E-15 . 000000
.000000
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Armadura -~ EXAMPLE 2 - TWO-DIMENSIONAL TRUSS
7

FRAME ELEMENT INTERNAL FORCE

ELEM S=s=cc—wxe

LENGTH =  30.000000

COMB  UNICA MAX

REL DIST P v2 v3 T
M3 :
0.00000  -0,400000 .000000 .000000 .000000
.000000
1.00000 -0.400000 .000000 .000000 .000000
.000000

COMB UNICA -- MIN

REL DIST p V2 V3 T
M3

0.00000  -0,400000 .000000 .000000 .000000
.000000

1.00000  -0.400000 .000000 .000000 .000000
.000000

ELEM 2 a—ommm= LENGTH =  40.000000

COMB  UNICA —e—e- -— MAX

REL DIST V3 T
M3 P V2

0.00000 -q, .000000 .000000
060000 266667 .000000

1.00000 -g. .000000 .000000
060900 266667 .000000

48.000000

-48.000000

~1.71E-13

MY
48.000000

-48.000000

-1.71E-13

M2
.000000

.000000

M2
. 000000

.000000

M2
.000000

.000000
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COMB  UNICA cmmmmm e MIN

REL DIST P v2 v3 T
M3

0.00000
.000000
1.00000
.000000

-0.266667 .000000 - 000000 -000000

-0.266667 .000000 .000000 .000000

ELEM 3 = LENGTH = 25.000000

COMB  UNICA comcmmmecccmccmmee MAX

REL DIST P V2 V3 T
M3

0.00000
000000

1.00000
.000000

0.323333 .000000 . 000000 .000000

. 000000 . 000000

0.333333 . 000000

COMB UNICA e e MIN

REL DIST P v2 V3 T
M3

0.00000
.000000

1.00000
.0000060

0.333333 .000000 .000000 .000000

0.333333 . 000000 .000000 .000000

ELEM 4 LENGTH =  25.000000

COMB UNICA —mem e e MAX

REL DIST P v2 v3 T
M3
0.00000
. 000000
1.00000
.000000
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-3,41E-15 .000000 .000000 .000000

-3.41E-15 .000000 .000000 . 000000

FRAME ELEMENT INTERNAL FORCES
COMB  UNICA -——m—mmmmmmmmmmm e MIN

REL DIST P V2 V3 T
M3

0.00000  -3.41E-15 .000000 .000000 -000000
.000000

1.00000 -3 ,41E-15 .000000 .000000 .000000
.000000

ELEM 5 LENGTH = 25.,000000
COMB  UNICA ————m— e o MAX

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000Q

.000000

M2
.000000

.000000

116



REL DIST
M3

0.00000 -2,

.000000

1.00000 -2

.000000

COMB  UNICA

REL DIST
M3

0.00000 -2,

.000000C

1.00000 -2,

.000000

ELEM 6

REL DIST
M3

0.00000 o,

.000000

1.00000 o,

.000000
COMB

REL DIST
M3

0.00000 o,

.000000

1.00000 0.

.000000
ELEM 7
COMB

REL DIST
M3

0.00000 -0,

.000000

1.00000 -0,

.000000
COoMB UNICA

REL DIST
M3

0.00000 -0.

.000000

1.00000 =0,

.000000

P V2 V3
83E-15 .000000 .000000
83E-15 .000000 .000000
------------------ MIN

P V2 v3
83E-15 .000000 .000000
83E-15 .000000 .000000
================== LENGTH =
__________________ MAX

P V2 V3
333333 .000000 .000000
333333 .000000 .000000
------------------ MIN

P V2 V3
333333 .000000 000000
333333 .000000 .000000

— == LENGTH =
__________________ MAX

P V2 V3
400000 .000000 .000000
400000 .000000 .000000
------------------ MIN

P v2 v3
400000 .000000 .000000
400000 .000000 000000
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T
.000000

.000000

T
.000000

.000000

25,000000

T
.000000

.000000

T
.000000

.000000

30.000000

T
. 000000

.000000

T
. 000000

.000000

M2

» 000000

. 000000

M2

.000000

.000000

M2

.000000

.000000

M2

.000000

.000000

M2

.000000

.000000

M2
.000000

.000000
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Armadura =~ EXAMPLE 2 - TWO-DIMENSIONAL TRUSS

9

FRAME ELEMENT INTERNAL FORCES
ELEM § === LENGTH = 40.000000
COMB  UNICA =wcmeee- - MAX

REL DIST P V2 V3 T
M3

0.00000 ~0,533333 .000000 .000000 .000000
.000000

1.00000 ~0.533333 .000000 .000000 .000000
.000000

COMB  UNICA - —_—— - MIN

REL DIsT P V2 V3 T
M3

0.00000 -0,533333 .000000 .000000 .000000
.000000

1.00000 -0.533333 .000000 .000000 .000000
.000000

ELEM 9 === LENGTH = 25.000000
COMB  UNICA —— e MAX

REL DIST P V2 V3 T
M3

0.00000 0.333333 .000000 .000000 .000000
.000000

1.00000  ¢,333333 .000000 . 000000 + 000000
.000000

COMB  UNICA ———mmmmm—mme———mme MIN

REL DIST P v2 V3 T
M3

0.00000 0.333333 ,000000 .000000 ., 000000
.000000

1,.00000 g, 000 .000000 .000000
.000000 333333 .000

ELEM 10 ST LENGTH =  25.000000
COMB  UNICA —mmommem e MAX

REL DIST v3 T
M3 P V2

0.00000 ¢ .000000 .000000
.000000 .333333 . 000000

1.00000 ¢ .000000 .000000
.000000 .333333 .000000

COMB  UNICA accccaccccemeeee MIN

REL DIsT V3 T

M2
.000000

. 000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000
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0.00000 0.333333 .000000 . 000000 . 000000
. 000000

1.00000 0.333333 . 000000 . 000000 .000000
000000

CCMB URICA MAX

REL DIST P v2 V3 T
M3

0.00000 0.333333 .000000 . 000000 + 000000
.000000

1.00000 0.333333 .000000 . 000000 .000000
. 000000
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Armadura = EXAMPLE 2 - TWO-DIMENSIONAL TRUSS

10

FRAME ELEMENT INTERNAL FORCE
COMB UNICA MIN

REL DIST P V2 v3 T
M3

0.00000 0.333333 .000000 .000000 .000000
.000000

1.00000 0.333333 .000000 .000000 000000
, 000000

COMB  UNICA —c-—meemmmmmmeeeem MAX

REL DIST P V2 v3 T
M3

0.00000 0.333333 .000000 .000000 .000000
.000000

1.00000 0.333333 . 000000 .000000 .000000
.000000

COMB  UNICA ——————e —_— MIN

REL DIST P V2 V3 T
M3

0.00000 0.333333 .000000 .000000 .000000
-.000000

1.00000  o,333333 .000000  .000000  .000000
000000

COMB  UNICA a— oo MAX

REL DIST v3 T
0.00000  ~q, 400000 .000000 .000000 - 000000

. 000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2

.000000
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,000000

1.00000  -0,400000 000000 000000 .000000
.000000

COMB UNICA MIN

REL DIST P V2 v3 T
M3

0.00000 ~0.400000 . 000000 .000000 .000000
.000000

1.00000 ~0,400000 .000000 +000000 .000000
.000000

ELEM 14 LENGTH = 40.000000
COMB  UNICp MAX

REL DIST P v2 V3 T
M3

0.00000 ~0.266667 .000000 .000000 .000000
.000000

1.00000 =0,266667 . 000000 .000000 .000000
.000000

COMB UNICA —c-—eeccc—ceccccaa—- MIN

REL DIST P V2 v3 T
M3

0.00000 -0.266667 . 000000 .000000 .000000
.000000

1.00000 =0.266667 .000000 .000000 .000000
.000000
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11

FRAME ELEMENT INTERNAL FORCES

ELEM 15 =mme=c———=czwm=—=== LENGTH = 25.000000
COMB  UNICA MAX

REL DIST P V2 V3 T
M3

0.00000 -3,97E-16 .000000 .000000 -000000
.000000

1.00000 -3,.97E-16 .000000 .000000 .000000
»000000

COMB  UNICA - - MIN

REL DIST v3 T
M3 P v2

0.00000 -3.97g- .000000 .000000
.000000 16 .000000

1.00000 =3,97g- 0 .000000
.000000 E-16 . 000000 .00000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

. 000000
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ELEM 16 mo=swsscaazsrc====s LENGTH = 25.000000

COMB  UNICA MAX

REL DIST p vz 3 y M2
M3

0.00000  0,333333 .000000 .000000 .000000 .000000
,000000

1.00000 0.333333 .000000 .000000 . 000000 .000000
.000000

COMB  UNICA -- MIN
M3

0.00000  0.333333 . 000000 .000000 ,000000 .000000
.000000

1.00000  0.333333 000000 .000000 . 000000 .000000
.000000 .

COMB UNICA MAX

REL DIST P V2 v3 T M2
M3

0.00000  0,333333 .000000 .000000 .000000 .000000
.000000

1.00000 0.333333 .000000 .000000 .000000 .000000
.000000

COMB UNICA MIN

REL DIST P V2 V3 T M2
M3

0.00000 0.333333 .000000 .000000 . 000000 .000000
.000000

1.00000  0.333333 .000000 .000000 .000000 . 000000
.000000

COMB UNICA -- MAX

REL DIST P V2 V3 T M2
M3

0.00000 -1.13E-15 .000000 .000000 .000000 .000000
.000000

1.00000 -1,13E-15 .000000 .000000 .000000 .000000
.000000
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FRAME ELEMENT INTERNAL FORCES
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COMB  UNICa

REL DIST
M3
0.00000
.000000
1.00000
.000000

ELEM
COMB  UNICA

REL DIST
M3
0.00000
.000000
1.00000
.000000

COMB  UNICA

REL DIST
M3
0.00000
.000000
1,00000
.000000

P

~1.13E-15

~1,13E~-15

v2
.000000

.000000

P

=0.400000

=0.400000

\'2
.000000

.000000

P

~0.400000

=0.400000

v2
.000000

.000000

MIN

MAX

MIN

v3
. 000000

.000000

1% =———rw=—pans====-=us LENGTH =

v3
.000000

.000000

v3
.000000

.000000

T
.000000

.000000

30.000000

T
.000000

. 000000

T
.000000

.000000

M2
.000000
.000000

M2
.000000

.000000

M2
.000000

.000000
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Armadura - EXAMPLE 3 - TWO-DIMENSIONAL TRUSS
1

DISPLACEMENT DEGREES OF FREEDOM

(A} = Active DOF, equilibrium equation
(-) = Restrained DOF, reacticn computed
(+) = Constrained DOF
( ) = Null DOF
JOINTS UX UY UZ RX RY RZ

1 - -

2 TO 11 A A

12 A -
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Armadura -~ EXAMPLE 3 - TWO-DIMENSIONAL TRUSS
2

TOTAL ASSEMBLED JOINT MASSES
IN GLOBAL COCRDINATES
Ux uy uz RX RY
RZ
TOTAL .000000 . 000000 .000000 . 000000 .000000
.000000

TOTAL ACCELERATED MASS AND LOCATION

TOTAL MASS ACTIVATED BY ACCELERATION LOADS, IN GLOBAL COORDINATES
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MASS
X-LOC
Y-LOC
Z-1LoC

UX
.000000
. 000000
.000000
.000000

113 4
. 000000
+000000
. 000000
.000000

vz
.000000
.000000
.000000
.000000
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Armadura
3

JOINT

TRANSLATIONS AND ROTATIONS, IN GLOBAL COORDINATES

- EXAMPLE 3 - TWO-DIMENSIONAL TRUSS

DISPLACEMENTS

COMB  UNICA
JOINT ux Uz
1 .000000 .000000
2 0.000656 -0,006419
3 0.004300 -0.006156
4 0.001312 -0.008772
5 0.004644 -0.007984
6 0.001837 =-0.008654
7 0.001837 -0.006291
8 0.002362 -0.008772
9 ~-0.000969 -0.007984
10 0.003018 =0.006418
11  -0.000625 -0.006156
12 0.003675 .000000
COMB UNICA
JOINT 10)'¢ uz
1 .000000 .000000
2 0.000656 -0.006418
3 0.004300 -0.006156
4 0.001312 =0.008772
5 0.004644 -0.007984
6 0.001837 =-0.008654
7 0.001837 =0.006291
8 0.002362 =-0.008772
9 -0.000969 -0.007984
10 0.003018 -0.006418
11 -0,000625 -0.,006156
12 0.003675 . 000000

MAX

MIN
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Armadura
4

~ EXAMPLE 3 - TWO-DIMENSIONAL TRUSS

APPLIED LOADS
FORCES AND MOMENTS ACTING ON JOINTS, IN GLOBAL COORDINATES

COMB UNICA MAX
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JOINT FX FZ

2 . 000000 -0.200000
4 . 000000 =0.200000
6 . 000000 -0.200000
8 .000000 -0.200000
10 .000000 -0.200000
COMB UNICA MIN
JOINT FX FZ
2 .000000 =0.200000
4 . 000000 -0.200000
6 .000000 =-0.200000
8 .000000Q -0.200000
10 . 000000 -0.200000
Program SAP2000 Educational Version 6.13
File:EJEMPLO3.QUT
COMMERCIAL USE PROHIBITED

Page

Armadura - EXAMPLE 3 - TWO-DIMENSIONAL TRUSS

5

RESTRAINT FORCES (REACTIONS)

FORCES AND MOMENTS ACTING ON JOINTS, IN GLOBAL COORDINATES

COMB  UNICA MAX
JOINT FX FZ
1 =7.77E-16 0.500000
12 .000000 0.500000

COMB  UNICA MIN
JOINT FX F2
1 =7.77E-16 0.500000
12 . 000000 0.500000
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Armadura - EXAMPLE 3 - TWO-DIMENSIONAL TRUSS
6

GLOBAL FORCE BALANCE

TOTAL FORCE AND MOMENT AT THE ORIGIN, IN GLOBAL COORDINATES

LOAD VIVA -
FX FY FZ MX MY
Mz
APEE%SD «000000 .000000 -1.000000 .000000 60.000000
.00
REACTNS =-7.77E-16 . 000000 1.000000 .000000 -60.000000
.000000
TOTAL =7.77E-16 .000000 4.00E-15 .000000 -2.56E-13
.000000
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COMB UNICA -~ MAX

FX FY F2 MX
MZ
APPLIED .0000600 .000000 =-1.000000 . 000000
. 000000
REACTNS ~7.77E-16 .000000 1.000000 . 000000
.000000
TOTAL -7.77E-16 .000000 4.00E-15 . 000000
.000000
COMB  UNICA - ——— MIN
FX FY FZ MX
MZ
APPLIED .000000 .000000 ~-1.000000 . 000000
.000000
REACTNS ~7.77E-16 . 000000 1.000000 . 000000
. 000000
TOTAL -7.77E-16 .000000 4.00E-15 .000000
»000000
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Armadura - EXAMPLE 3 - TWO-DIMENSIONAL TRUSS
2

FRAME ELEMENT INTERNAL FORCE

ELEM 1 LENGTH = 20.000000
COMB UNICA —==-————mmmcmm—e MAX

REL DIST P V2 va T
M3

0.00000 0.500000 .000000 .000000 .000000
.000000

1.00000 0.500000 .000000 .000000 .000000
.000000

COMB  UNICA ——————mm————mmm e e MIN

REL DIST P v2 v3 T
M3

0.00000 0.500000 . 000000 ,000000 .000000
.000000

1.00000 0.500000 .000000 .000000 .000000
.000000

ELEM 2 LENGTH = 28.284271
COMB  UNICA —————=mmmmme———— MAX

REL DIST P v2 v3 T
M3

0.00000 -0.707107 .000000 .000000 .000000
.000000

MY
60.000000

-60.000000

-2.56E-13

MY
60.000000

=60.000000

-2.56E-13

M2
.000000

.000000

M2
.000000

. 000000

M2

.000000
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1- 00000 _0.

70 . .

1000000 7107 » 000000 000000 000000
COMB UNICA —_— MIN

REL DIST P V2 V3 T
M3

0.00000 =-0,707107 .000000 .000000 .000000
.000000

1.00000 -0,707107 . 000000 .000000 .000000
.000000

COMB UNICA - MAX

REL DIST p V2 V3 T
M3

0.00000 0.200000 .000000 .000000 .000000
.000000

1.00000 0.200000 .000000 .000000 . 000000
.000000

COMB  UNICA - MIN

REL DIST ) v2 V3 T
M3

0.00000 0.200000 .000000 .000000 .000000
.000000

1.00000 0.200000 .000000 .000000 .000000
.000000

ELEM { = === LENGTH = 20.000000
CCMB UNICA -- MAX

REL DIST P V2 v3 T
M3

0.00000 0.500000 .000000 .000000 .000000
.000000

1.00000 0.500000 . 000000 . 000000 .000000

.000000
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Armadura - EXAMPLE 3 - TWO-DIMENSIONAL TRUSS

FRAME ELEMENT INTERNAL FORCES

COMB  UNICA

REL DIST
M3

0.00000 0.

.000000

1.00000 0.

.000000

MIN
P V2 v3 T
500000 .000000 .000000 000000
500000 .000000 .000000 . 000000

.000000

M2
.000000

.000000

M2
. 000000

.000000

M2
.000000

. 000000

M2
.000000

.000000

M2
. 000000

.000000
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ELEM 5

COMB  UNICA e _____
REL DIST P V2
M3

0.00000 -0.141421 .000000
,000000

1.00000 ~0,1431421 .000000
.000000

COMB  UNICA —ccmmmee -—
REL DIST P v2
M3

0.00000 ~0,141421 .000000
.000000

1.00000 -0,141421 .000000
.000000Q

ELEM 6

COMB  UNICA —mee—memmemmemem
REL DIST P v2
M3

0.00000 ~0,565685 .000000
.000000

1.00000 -Q.565685 .000000
.000000

COMB  UNICA —e—e—meeceeeeemme e
REL DIST P v2
M3

0.00000 -0,565685 .000000
.000000

1.00000 -0.565685 .000000
.000000

ELEM 7

COMB UNICA —ee—mm ———

REL DIST P vz
M3

0.00000 0.300000 .000000
.000000

1.00000 0.300000 .000000
.000000

COMB  UNTCA —mmmmmmece— e
REL DIST P V2
M3

0.00000 0.300000 .000000
.000000

1.00000 0.200000 .000000
.000000

LENGTH =  28.284271
MAX
V3 T
.000000 .000000
.000000 .000000
MIN
V3 T
.000000 .000000
.000000 .000000
LENGTH =  28.284271
MAX
V3 T
.000000 .000000
.000000 .000000
MIN
v3 T
.000000 .000000
.000000 .000000
LENGTH =  40.000000
MAX
v3 T
.000000 .000000
.000000 .000000
MIN
v3 T
.000000 .000000
.000000 .000000
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M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000
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Armadura - EXAMPLE 3 - TWO-DIMENSIONAL TRUSS

9

FRAME ELEMENT INTERNAL FORCES
ELEM 8 mw—w—w———wwwresese LENGTH = 20.000000
COMB UNICA MAX

REL DIST P V2 v3 T
M3

0.00000 0.400000 . 000000 .000000 . 000000
.000000

1.00000 0.400000 .000000 .000000 . 000000
. 000000

COMB UNICA MIN

REL DIST P V2 v3 T
M3

0.00000 0.400000 . 000000 .000000 . 000000
.000000

1.00000 0.400000 .000000 .000000 . 000000
.000000

ELEM 9 LENGTH = 44,721360
COMB  UNICA MAX

REL DIST P v2 v3 T
M3 .
0.00000 -0,2236 .000000 .000000 .000000
.000000 07 00000

1.00000 -0.223607 .000000 .000000 . 000000
.000000

COMB UNICA MIN

REL DIST P v2 V3 T
M3

0.00000 -0. .000000 .000000
000000 223607 .000000

1.00000 -, .000000 .000000
.000000 223607 .000000

ELEM 10 ==== LENGTH = 28.284271
COMB  UNICA - MAX

REL DIST v3 T
M3 P v2

0.00000 g .000000 . 000000
.000000 + 424264 .000000

1.0000¢9 -0 .000000 . 000000
.000000 -424264 .000000

COMB UNICA MIN

M2
.000000

+000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000
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REL DIST P v2 V3 T
M3

0.00000 -0.424264 . 000000 .000000 .000000
.000000

1.00000 -0.424264 . 000000 . 000000 . 000000
,000000

ELEM 11 LENGTH = 60.000000
COMB  UNICA ----e-mmecee——e——— MAX

REL DIST P v2 V3 T
M3

0.00000 0.600000 .000000 .000000 . 000000
,000000

1.00000 0.€600000 .000000 . 000000 . 000000
,000000
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Armadura - EXAMPLE 3 - TWO-DIMENSIONAL TRUSS

10

FRAME ELEMENT INTERNAL FORCE
COMB UNICH ~=em— e MIN

REL DIST P V2 v3 T
M3

0.00000 0.600000 .000000 .000000 .000000
. 000000

1.00000 0.600000 .000000 .000000 .000000
.000000

ELEM 12 LENGTH = 20.000000
COMB  UNICA =——m—e— e MAX

REL DIST P v2 v3 T
M3

0.00000  9,400000 .000000 .000000 .000000
-000000

1.00000 g 400000 .000000 .000000 .000000
.000000

COMB  UNICA ccmmmmmemeeeme e MIN

REL DIST vz v3 T
M3 P

0.00000 0. .000000 .000000 .000000
+000000 400000

1.00000 0 .000000 .000000
.000000 .400000 .000000

ELEM 13 LENGTH = 44.721360
COMB  UNICA wcmmme oo MAX

S

M2
.000000

.000000

M2
. 000000

. 000000

M2
.000000

. 000000

M2
.000000

.000000

M2
.000000

.000000
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REL DIST P

V3 T

M3 ve

0.00000  -0,223607 .000000 .000000
.000000 +000000

1.00000 -0,223607 00000 . 000000 .000000
,000000 0

COMB  UNICA MIN

REL DIST P v2 V3 T
M3

0.00000 -0,223607 ,000000 .000000 .000000
.000000

1.00000 -0.223607 . 000000 .000000 .000000
.000004Q

ELEM 14 e ==x=== LENGTH = 28.284271
COMB UNICA - MAX

REL DIST P V2 v3 T
M3

0.00000 =0,424264 . 000000 .000000 . 000000
.000000

1.00000 -0,.424264 . 000000 .000000 .000000
.000000

COMB  UNICA MIN

REL DIST P v2 V3 T
M3

0.00000 =0,.424264 .000000 .000000 . 000000
.000000

1.00000 -0.424264 .000000 .000000 . 000000
.000000
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Armadura - EXAMPLE 3 - TWO-DIMENSIONAL TRUSS

11

FRAME ELEMENT INTERNAL FORCE
ELEM 15 = LENGTH = 40.000000
COMB UNICA MAX

REL DIST P 2 v3 T
M3

0.00000 0.300000 .000000 . 000000 .000000
.000000

1.00000 0.300000 . 000000 .000000 .000000
.000000

COMB UNICA - MIN

REL DIST v3 T
M3 B vz

0.00000 0.300000 .000000 .000000 . 000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

. 000000

M2
.000000

.000000

M2
.000000

.000000

M2

. 000000
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.000000
1.0000¢

0. +000000 ,000000 .000000
000000 300000 .000000
ELEM 16 amc—xa==mzcs—an=== LENGTH = 20,000000
COMB  yNIca MAX
REL DIsT P V2 V3 T M2
M3
0.00000 0.500000 .000000 .000000 .000000 .000000
.000000
1.00000  0,590000 .000000 .000000 .000000 .000000
.000000
COMB  uNICA MIN
REL DIST P v2 v3 T M2
M3
0.00000  0.500000 .000000 .000000 .000000 .000000
100000 000000 000000
1.00000 0.500000 .000000 .000000 .000 .
. 000000
ELEM 17 LENGTH =  28.284271
COMB  UNICA MAX
REL DIST P V2 V3 T M2
M3 .
0.00000 -0.141421 .000000 .000000 .000000 .000000
300000 00000 000000
1.00000 -0,141421 .000000 .000000 .0 .
.000000 .
COMB UNICA -- MIN
REL DIST P v2 V3 T M2
M3
. 0
0.00000 -0,141421 .000000 .000000 -000000 00000
.000000 00
1.00000 -0.141421 .000000 .000000 .000000 .0000
»000000
ELEM 18 ==z=mxrracomssmsws LENGTH = 28.284271
COMB UNICA MAX
M2
REL DIST P V2 v3 T
i . 000000
0.00000 -0.565685 . 000000 .000000 .000000 00
.000000 00
1.00000 =-0.565685 .000000 .000000 .000000 .0000
.000000
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12

132



FRAME

ELEMENT INTERNAL FORCES

COMB  UNICA MIN

REL DIST P v2 v3 T
M3

0.00000 -0.s565685 .000000 .000000 .000000
.000000

1.00000 ~0,565685 .000000 .000000 .000000
.000000

COMB UNICA MAX

REL DIST P v2 v3 T
M3

0.00000 0.200000 ,000000 .000000 .000000
. 000000

1.00000 0.200000 . 000000 »000000 .000000
.000000

COMB UNICA MIN

REL DIST P vZ v3 T
M3

0.00000 0.200000 .000000 .000000 .000000
.000000

1.00000 0.200000 .000000 .000000 .000000
.000000

ELEM 20 =—a== LENGTH = 20.000000
COMB UNICA MAX

REL DISsT P V2 V3 T
M3

0.00000 0.500000 . 000000 .000000 . 000000
. 000000

1.00000 0.500000 .000000 .006000
000000 00 . 000000

COMB  UNICA MIN

REL DIST v3 T
M3 P v2

06.00600 0.500000 .000000 . 000000 .00000Q
.000000

1.00000 g, 00 .000000 .000000
.000000 500000 .0000

COMB UNICA MAX

REL DIST V3 T
M3 P v2

0.00000 -0 .000000 .000000
.000000 .707107 .000000

M2
.000000
. 000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2

.000000
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1.00000 -0.707107
.000000

coMB  UNICA

REL DIST P
M3

0.00000 =0.707107
,000000

1.00000 -0.707107
,000000

.000000 . 000000
MIN

v2 V3

., 000000 .000000

000000 . 000000

.000000

T
. 000000

.000000

.000000

M2
.000000

.000000
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1

DISPLACEMENT DEGREES OF "FREEDOM

(A) = Active DOF, equilibrium equation
(=) = Restrained DOF, reaction computed
{(+) = Constrained DOF
( ) = Null DOF
JOINTS UX UY UZ RX RY RZ
1l TO 2 - -
3 TO 16 A A
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Armadura Estadio - EXAMPLE 4 - TWO-DIMENSIONAL TRUSS
2

TOTAL ASSEMBLED JOINT MASSESS
IN GLOBAL COORDINATES

324 Uy Uz RX RY
R2

TOTAL .000000 . 000000 .000000 .000000 .000000
.000000 .

TOTAL ACCELERATED MASS AND LOCATION
TOTAL MASS ACTIVATED BY ACCELERATION LOADS, IN GLOBAL COORDINATES

Ux L") 4 Uz
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3

4

MASS
X-LOC
Y-LCC
2-1L0C

. 000000
.000000
. 000000
.000000

.000000
.000000
.0006000
.000000
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JOINT

TRANSLATIONS AND ROTATIONS, IN GLOBAL COORDINATES

COMB  UNICA

JOINT

W o~ UMb

COMB UNICA

JOINT

O W ~1 Wb D=

16

.000000
. 000000
.000000
.000000
6.13

DISPLACEMENTS

ux
.000000
.000000
-0.007657
-0.007657
-0.007874
-0.007874
-0.004975
-0.004975
1.49E-16
-0.001181
0.013878
-0.002067
0.008955
-0.002733
0.003423
-0.003174

.000000
.000000
-0.007657
-0.007657
-0.007874
-0.007874
-0.004975
-0.004975
1.49E-16
-0.001181
0.013878
-0.002067
0.008955
-0.002733
0.003423
-0.003174

Uz
.000000
.000000

-0.002149
-0.001673
-0.001818
-0.003346
-0.000443
-0.005020

0.001614
-0.006693
-0.008924
-0.021646
-0.021906
-0.035694
-0.035783
-0.051849

Uz
.060000
.000000

-0.002149
-0.001673
-0.001818
-0.003345%6
-0.000448
-0.005020

0.001614
-0.006693
-0.008924
-0.021646
-0.021906
-0.0356%94
-0.035783
-0.051849

MIN
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APPLIED LOADS

FORCES AND MOMENTS ACTING ON JOINTS, IN GLOBAL COORDINATES

COMB  UNICA - MAX
JOINT FX FZ
9 .000000 =0.200000
11 .000000 -0.200000
13 .000000 -0.200000
15 .000000 -0.200000
16 .000000 -0.200000
COMB  UNICA -- - == MIN
JOINT FX F2
9 .000000 -0.200000
11 .000000 -0.200000
13 .000000 -0.200000
15 .000000 -0.200000
16 .000000 -0.200000
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Armadura Estadio -~ EXAMPLE 4 - TWO-DIMENSIONAL TRUSS
5

RESTRAINT FORCES (REACTIONS)
FORCES AND MOMENTS ACTING ON JOINTS, IN GLOBAL COORDINATES

COMB UNICA MAX

JOINT FX FZ
1 -0.116667 -0.350000
2 0.116667 1.350000

COME UNICA MIN

JOINT FX FZ
1 -0.116667 -0.350000
2 0.116667 1.350000
Program SAP2000 Educational Version 6.13

File:EJEMPLO4.0QUT

COMMERCIAL USE PROHIBITED

Page

Armadura Estadio - EXAMPLE 4 - TWO-DIMENSIONAL TRUSS

6

GLOBAL FORCE BALANCE
TOTAL FORCE AND MOMENT AT THE ORIGIN, IN GLOBAL COORDINATES

LOAD VIVA =mccccaccacccacaa=

FX FY FZ MX MY
MZ

APPLIED .000000 .000000 -1.000000 .000000 54.000000
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,000000

REACTNS  =7.34E-15 .000000 1.000000
,000000
TOTAL -7,34E-15 .000000 4.00E-15
,000000
COMB UNICA MAX
FX FY F2
M2
APPLIED .000000 .000000 -1.000000
.000000
REACTNS  =7,34E-15 .000000 1.000000
.000000
TOTAL =7,34E-15 .000000 4.00E-15
.000000
COMB UNICA MIN
FX FY FZ
MZ
APPLIED .000000 .000000 -1.000000
.000000
REACTNS  =7.34E-15 .000000 1.000000
.000000
TOTAL =-7.34E-15 .000000 4.00E-15
.000000

Program SAP2000 Educational Version 6.13
File:EJEMPLO4,QUT

pSGMMERCIAL USE PROHIBITED

TErdafuMaEEs t RdLoE-MEEANPEE 4I-NTWOEDRMEN!InNALFTBUESC ES

ELEM

COMB  UNICA

REL DIST
M3
0.00000
.000000
1.00000
+000000

COMB  UNICA ==

REL DIST
M3
0.00000
000000
1.00000
.000000

ELEM

LENGTH =
MAX
P V2 v3
0.368932 . 000000 .000000
0.368932 . 000000 .000000
MIN
P V2 V3
0.368932 .000000 .000000
0.368932 » 000000 .000000
=== LENGTH =

.000000

.000000

MX
.000000

.000000

.000000

MX
. 000000

.000000

.000000

63.245553

T
.000000

.000000

T
.000000

.000000

15.811388

=54,

54

=54

-6.

54

=54,

-6

000000

+39E-13

MY
.000000

.000000

39E-13

MY
.000000

000000

.39E-13

M2
. 000000

. 000000

M2
.000000

. 000000
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COMB  UNICA .

- MAX

REL DIST P vz V3
M3

0.00000 0.366932 . 000000 -000000
.000000

1.00000 0.368932 000000 .000000
.000000

COMB  UNICA —— MIN

REL DIST P v2 V3
M3

0.00000 0.368932 .000000 - 000000
,000000

1.00000 0.368932 .000000 -000000
.000000 -

COMB  UNICA MAX

REL DIST P V2 V3
M3

0.00000 ~-1,700000 .000000 .000000
.000000

1.00000 -1.700000 .000000 .000000
.000000

COMB UNICA ~=—- - MIN

REL DIST P V2 V3
M3

0.00000  =1,700000 .000000 .000000
,000000

1.00000 -1,700000 .000000 000000
.000000

ELEM 4 = === LENGTH =
COMB  UNICA -- -- MAX

REL DIST P V2 V3
M3

0.00000 -3,04E-16 .000000 ,000000
.000000

1.00000 -3,04E-16 .000000 . 000000
.000000
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T
.000000

. 000000

T
.000000

.000000

15.000000

T
.000000

.000000

T
.000000

. 000000
5.000000
T

.000000

.000000

Armadura Estadio - EXAMPLE 4 - TWO-DIMENSIONAL TRUSS

8
FRAME

COMB  UNICA

ELEMENT

-

INTERNAL

-= MIN

FORCES

M2
. 000000

»000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

. 000000

M2
.000000

.000000

139



REL DIST

M3
0.00000 -3,
,000000
1.00000 -3,
.000000
ELEM 5
COMB  UNICA
REL DIST
M3
0.00000 o,
.000000

1.00000 o,

.000000

REL DIST
M3
0.00000 0.
. 000000
1.00000 0.
.000000
ELEM 6
COMB  UNICA
REL DIST
M3
0.00000 -1.
.000000
1.00000 -1.
.000000
COMB  UNICa
REL DIST
M3
0.00000 -1,
.000000
1.00000 -1,
.000000
ELEM 7

COMB UNICA

REL DIST
M3

0.00000 -1.
.000000
1.00000 -1.
«000000

COMB UNICA

P V2
04E-16 . 000000
04E-16 .000000

P V2
368932 .000000
368932 .000000

P V2
368932 .000000
368932 . 000000

P v2
57E-15 .000000
57E-15 .000000

P vz
57E-15 .000000
57E-15 .000000

P V2
700000 . 000000
700000 .000000

V3
.000000

.0000 0

LENGTH =
MAX
9
-0000¢C0

.0000 0

V3
.00000C0

.000000

LENGTH =
MAX
V3
.000000

-000000

MIN
V3
.000000

. 000000

LENGTH =
MAX
V3
.0000Q

.000000

T
.000000

.000000

15.811388

T
. 000000

. 000000

T
.0060000

.000000

18.027756

T
.000000

.000000

T
.000000

.000000

15.000000

T

. 000000

.000000

M2

00000

000

0000

0000

M2

0000

0000

M2

0000

.000000

M2

. 000000

0000

M2

000

000
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REL DIST P v2 v3 T

M3

0.00000 -1,700000 . 000000 .000000 .000000
,000000

1.00000 -1.700000 .000000 .000000 . 000000
.000000
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Armadura Estadio - EXAMPLE 4 - TWO-DIMENSIONAL TRUSS
9

FRAME ELEMENT INTERNAL FORCE

ELEM 8 =———=comsmsms=ssz=a LENGTH = 10.000000
COMB UNICA MAX

REL DIST P v2 v3 T
M3

0.00000 2.15E-16 , 000000 .000000 .000000
.000000

1.00000 2.15E-16 .000000 .000000 .000000
.000000

COMB UNICA MIN

REL DIST P v2 V3 T
M3

0.00009 2.15E-16 .000000 .000000 .000000
.000000

1.00000 2.15E-16 .000000 .000000 .000000
.000000

COMB UNICA MAX

REL DIST p v2 v3 T
M3

0.00000  0,368932 .000000 .000000 .000000
» 000000 :
1.00000  0,368932 .000000 .000000 .000000
. 000000

COMB  UNICA MIN

REL DIST P v2 V3 T
M3

0.00000 ¢, .000000 .000000 .000000
.000000 368932 00

1.00000 0. 00 .000000 .000000
000000 369932 .0000

ELEM 10 LENGTH = 21.213203
COMB  UNICA wmmo oo MAX

REL DIST P v2 v3 T

M2
.000000

.000000

M2
. 000000

.000000

M2
.000000

.000000

M2
.000000

. 000000

M2
. 000000

.000000
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M3
0.00000 ~1.38E~15 . 000000
.000000 .000000 .000000
1.00000 ~1.38E-15 . 000000
,000000 . 000000 .000000
COMB  UNICA MIN
REL DIST P V2 .V3
'3 T
0.00000 =-1.38E-15 . 000000 .
060000 000000 .000Q00
1.00000 =-1.38E-15 . 000000
260000 .000000 . 000000
CCMB UNICA MAX
REL DIST P V2 V3 T
M3
0.00000 =-1.700000 .000000 .000000 .000000
.000000
1.00000 =-1,700000 » 000000 000000 .000000
.000000

Program SAP2000 Educational Version 6.13
File:EJEMPLO4.0UT

COMMERCIAL USE PROHIBITED

Page .

lgxmadura Estadio - EXAMPLE 4 - TWO-DIMENSIONAL TRUSS

FRAME ELEMENT INTERNAL FORCE

COMB  UNICA ———- MIN

REL DIST P V2 v3 T
M3

0.00000 -1,700000 .000000 .000000 .000000
.000000

1.00000  -~1,700000 .000000 .000000 .000000
.000000

COMB  UNICA MAX

REL DIST V3 T
M3 P ve

0.00000 5.90F- .000000 .000000
000000 90E-16 .000000

1.00000 5.90F- .000000 .000000
000000 90E-16 .000000

REL DIST T
M3 P v2 V3

0.0000

000000  S-90E-16  .000000  +000000  .000000

»000000

.000000

M2
.000000

.000000

M2
.000000

. 000000

M2
. 000000

.000000

M2
.000000

. 000000

M2

.000000
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1.00000 S.90E-16 . 000000 .000000 .000000
.000000

ELEM i, S LENGTH = 15.811388
COMB  UNICA MAX

REL DIST P v2 v3 T
M3

0.00000 0.368932 .000000 .000000 .000000
.000000

1.00000 0.368932 . 000000 »000000 .000000
.000000 .

COMB  UNICA -- MIN

REL DIST P vz v3 T
M3

0.00000 0.368932 .000000 .000000 . 000000
.000000

1.00000 0.368932 .000000 .000000 .000000
.000000

ELEM 14 == LENGTH =  25.000000
COMB UNICA MAX

REL DIST P v2 V3 T
M3

0.00000 -2.31E-15 . 000000 .000000 .000000
. 000000

1.00000 -2.31E-15 .000000 .000000 .000000
.000000

COMB UNICA - MIN

REL DIST P v2 v3 T
M3

0.00000 -2.31E-15 . 000000 .000000 .000000
.000000

1.00000 -2.31E-15 . 000000 .000000 .000000
.000000
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Armadura Estadio — EXAMPLE 4 - TWO-DIMENSIONAL TRUSS
11
FRAME ELEMENT INTERNAL FORCES
COMB UNICA MAX
REL DIST P V2 V3 T
M3
0.00000 =1.700000 .000000 .000000 . 000000
. 000000
1.00000 -1.700000 .000000 .000000 . 000000

.000000

M2
»000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

. 000000
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.000000

COMB  UNICA wcecee- MIN

REL DIST P v2 v3 T
M3

0.00000 -1.700000 ,000000 .000000 . 000000
.000000

1.00000 -1.700000 .000000 .000000 .000000
.000000

COMB  UNICA MAX

REL DIST P v2 v3 T
M3

0.00000 -0,900000 .000000 .000000 .000000
.000000

1.00000 -0.900000 .000000 .000000 .000000
.000000

COMB  UNICA MIN

REL DIST P V2 v3 T
M3

0.00000 -0.900000 .000000 .000000 .000000
.000000

1.00000 -0.900000 .000000 .000000 .000000
.000000

COMB  UNICA - MAX

REL DIST P V2 v3 T
M3

0.00000 1 272792 .000000 -000000 - 000000
.000000

1.00000  3,.272792 .000000 .000000 .000000
.000000

COMB UNICa - MIN

REL DIST P V2 v3 T
M3

0.00000 3, 272792 .000000 .000000 .000000
.000000

1.00000 3 372792 .000000 .000000 -000000
. 000000

ELEM 18 c=—o=——==r—x—sxxu= LENGTH = 20.000000
COMB UNICH —_— MAY

REL DIST V3 T
M3 P V2

0.00000 -1, .000000
1060000 700000 000000 .000000

1.00000 -1 790q00 .000000 .000000 .000000

M2
. 000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
. 000000

.000000

M2
. 000000

.000000

M2
.000000

.000000
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,000000
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Armadura Estadio - EXAMPLE 4 - TWO-DIMENSIONAL TRUSS
12

FRAME ELEMENT INTERNAL FORCES

COMB  UNICA MIN

REL DIST P v2 v3 T
M3

0.00000 -1.700000 .000000 .000000 .000000
.000000

1,00000 =1,700000 . 000000 .000000 . 000000
.000000

COMB  UNICA MAX

REL DIST p v2 v3 T
M3

0.00000 -0.900000 .000000 .000000 .000000
.000000

1.00000 -0.900000 .000000 .000000 .000000
.000000

COMB UNICA MIN

REL DIST P v2 V3 S
M3 ’
0.0004Q9 ~0.900000 .000000 . 000000 .000000
. 000000

1.00000  ~0,900000 . 000000 -000000 - 000000
.0000600

ELEM 20 === LENGTH = 25.000000
COMB  UNICA -- - MAX

REL DIST P vz v3 T
M3

0.00000 0. .000000 .000000 .000000
.000000 372180

1.00000 g, . 000000 .000000 .000000
.000000 372180 00

COMB UNICA -- MIN

REL DIST V3 T
M3 P v2

0.00000 ¢ .000000 .000000
.000000 +372180 . 000000

1.00000 .000000 .000000
.000000 0.372180 . 000000

ELEM 21 ———a—= LENGTH =  16.428322

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

,000000

M2
.000000

.000000

M2
.000000

.000000
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COMB UNICA —————- MAX
REL DIST P V2 V3 T
M3

0.00000 0.741128 .000000 .000000 .000000
.000000

1.00000 0.741128 .000000 .000000 .000000
.000000

COMB  UNICA ---—- - —-— MIN

REL DIST P v2 V3 T
M3

0.00000 0.741128 . 000000 .000000 .000000
.006000

1.00000 0.741128 .000000 .000000 .000000
.000000
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Armadura Estadio - EXAMPLE 4 -~ TWO-DIMENSIONAL TRUSS

13

FRAME ELEMENT INTERNAL FORCES
ELEM 22 ====== LENGTH = 13.300000
COMB UNICA —— e MAX

REL DIST P V2 v3 T
M3

0.00000 -0,297744 .000000 .000000 .000000
. 000000

1.00000 -0.297744 .000000 .000000 .000000
.000000

CCMB  UNICA —cmm——mmm e MIN

REL DIST P v2 v3 T
M3

0.00000 =~-0,297744 .000000 .000000 .000000
.000000

1.00000 -0.297744 . 000000 .000000 .000000
. 000000

ELEM 23 LENGTH = 15.000000
COMB  UNICA ——e——e—mmemmmeemem MAX

REL DIST P V2 V3 T
M3

0.00000 ~0.676692 .000000 .000000 .000000
.000000

1.00000 -0.676692 .000000 . 000000 .000000
.000000

COMB UNICA m e MIN

M2
.000000

. 000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000
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T
M3

0.00000 -0.g76692 .000000 .000000 .000000
,000000

1.00000 -0.676692 .000000 .000000 .000000
.000000

ELEM 24 LENGTH =  20,047194
COMB  UNICA - MAX

REL DIST P V2 v3 T
M3

0.00000 0.305961 , 000000 .000000 .000000
.000000

1.00000 0.305961 .000000 .000000 .000000
.000000

COMB  UNICA MIN

REL DIST P v2 V3 T
M3

0.00000 0.305961 .000000 .000000 .000000
.000000

1.00000 0.305961 ,000000 .000000 . 000000
.000000

ELEM 25 LENGTH = 16.387800
CCMB UNICA MAX

REL DIST p V2 v3 T
H3 .

0.00000 0.489188 .000000 .000000 .000000
.000000

1.00000 0.489188 .000000 .000000 .000000
.000000
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14

FRAME ELEMENT INTERNAL FORCES

COMB  UNICA MIN

REL DIST P V2 v3 T
M3

0.00000 0.489188 .000000 .000000 .000000
.000000

1.00000 0.489188 .000000 .000000 .000000
.000000

ELEM 26 ===—=w= LENGTH = 6.700000
COMB  UNICA MAX

REL DIST P V2 V3 T

M2
. 000000

.000000

M2
.000000

.000000

M2
.000000

. 000000

M2
. 000000

.000000

M2
.000000

.000000
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M3

0.00000 -0,
,000000
1.00000 -0,
.000000
COMB UNICA
REL DIST
M3
0.00000 -0,
.000000
1.00000 -0,
.000000
ELEM 27
COMB UNICA
REL DIST
M3
¢.00000 ~0.
.000000
1.00000 -0,
.000000
COMB UNICH
REL DIST
M3
0.00000 ~0.
.000000
1.00000 ~0.
.000000
ELEM 28
COMB UNICA
REL DIST
M3
0.00000 0.
000000
1.00000 0.
000000
COMB UNICA
REL DIST
M3

0.00000 0.

.000000

1.00000 g,

. 000000

202985 . 000000
202985 .000000

P V2
202985 .000000
202985 .000000

P V2
447761 . 000000
447761 .000000

P V2
447761 .000000
447761 .0000600

P V2
490398 .000000
490398 .000000

P V2
490398 .000000
490398 .000000

.000000

.000000

V3
.000000

.000000

LENGTH =

MAX

MIN

V3

.000000

.000000

v3

.000000

.000000

LENGTH =

MAX

MIN

V3
.000000

.000000

V3
.000000

.000000

.000000

.000000

T
.000000

.000000

15.000000

T
. 000000

. 000000

T
.000000

.000000

16.428329

T
.000000

.000000

T
.000000

.000000

.000000

.000000

M2
. 000000

.000000

M2
. 000000

.000000

M2
.000000

.000000

M2
.000000

. 000000

M2
.000000

. 000000
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Armadura - EXAMPLE 5 - TWO-DIMENSIONAL TRUSS
1
DISPLACEMENT DEGREES OF FPREEDOM
(A) = Active DOF, equilibrium equation
(=) = Restrained DOF, reaction computed
{(+) = Constrained DOF
( ) = Null DOF
JOINTS UX UY U2 RX RY RZ
1 - -
2 TO 11 A A
12 A -
13 A A
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Armadura - EXAMPLE 5 - TWO-DIMENSIONAL TRUSS
2

TOTAL ASSEMBLED JOINT MASSES
IN GLOBAL COORDINATES
ux uy uz RX RY
RZ
TOTAL . 000000 .000000 .000000 .000000 .000000
.000000
TOTAL ACCELERATED MASS AND LOCATION

TOTAL MASS ACTIVATED BY ACCELERATION LOADS, IN GLOBAL COORDINATES

149



MASS
X-LOC
Y-LOC
Z-L0oC

ux
. 000000
. 000000
.000000
.000000

(1) 4
, 000000
.000000
.000000
+000000

Uz
. 000000
.000000
.000000
. 000000

Program 3AP2000 Educational Version 6.13
File: EJEMPLOS5.0OUT
COMMERCIAL USE PROHIBITED

Page

Armadura - EXAMPLE S5 - TWO-DIMENSIONAL TRUSS

3

JOINT

TRANSLATIONS AND ROTATIONS, IN GLOBAL COORDINATES

COMB  UNICA

8
=]
3

W ~JMU Wk =

COMB UNICA =-=-

JOINT

LCOJRHNEWNE

10
11
12
13

DISPLACEMENTSS

[1):4
.000000
0.018584
0.009191
0.018059
.014922
.0l6484
.015736
. 016497
.014509
.022254
.013334
0.031485
0.012810

(== = R B o B ]

Uz

. 000000
-0.001378
=0.012255
-0.013043
-0.022250
-0.022381
=0.023877
-0.022355
-0.022486
-0.012308
-0.013095
.000000
-0.001378

124
.000000
0.018584
0.009191
0.018059
0.014922
0.016484
0.015736
0.016497
0.014909
0.022254
0.013334
0.031485
0.012810

Uz
.000000
-0.001378
=0.012255
=-0.013043
-0.022250
-0.022381
-0.023877
-0.022355
-0.022486
=-0.012308
=0.013095
. 000000
-0.001378
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4

APPLIED

FORCES AND MOMENTS ACTING ON JOINTS,

LOADS

IN GLOBAL COORDINATES
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MAX
JOINT Fx Fz
2 .000000 -0.200000
4 .000000 -0.200000
6 .000000 =-0.200000
9 .000000 -0.200000
11 .000000 -0.200000
13 .000000 =-0.200000
COMB UNICA MIN
JOINT FX FZ
2 .000000 -0.200000
4 .000000 -0.200000
6 .000000 -~-0.200000
9 .000000 =0.200000
11 .000000 -0.200000
13 .000000 =-0.200000
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Armadura - EXAMPLE 5 - TWO-DIMENSIONAL TRUSS

5

RESTRAINT

FORCES

( REACTIONS)

FORCES AND MOMENTS ACTING ON JOINTS, IN GLOBAL COORDINATES

COMB UNICA -— MAY
JOINT FX F2
1 1.83E-14 0.600000
12 .000000 0.600000
COMB  UNICA MIN
JOINT FX FZ
1 1.83E-14 0.600000
12 .000000 0.600000
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6
GLOBAL FORCE BALANCE

TOTAL FORCE AND MOMENT AT THE ORIGIN, IN GLOBAL COORDINATES

LOAD VIVA

MZ

APPLIED
.000000
REACTNS 1

FX

.000000

.83E-14

FY

.000000 -1.200000

+ 000000

1.200000

MY
60.000000

-60.000000
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.000000

TOTAL 1.83E-14
.000000
CoMB  UNICA
FX
MZ
APPLIED .000000
.000000
REACTNS 1.83E-14
.000000
TOTAL 1.83E-14
.000000
COMB  UNICA
FX
MZ
APPLIED .000000
.000000
REACTNS 1.93E~14
.000000
TOTAL 1.83E-14
.000000

.000000 4.00E-15
MAX
FY " F2
.000000 -1.200000
.000000 1.200000
., 000000 4.00E-15
MIN
FY FZ
.000000 =1.200000
. 000000 1.200000
.000000
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Armadura - EXAMPLE 5 - TWO-DIMENSIONAL TRUSS

7

FRAME ELEMENT INTERNAL
ELEM 1l s==========c==—=m=== LENGTH =
COMB UNICA MAX

REL DIST P v2 V3
M3

0.00000 ~0,600000 .000000 .000000
.000000

1.00000 -0.600000 .000000 .000000
.000000

COMB UNICA MIN

REL DIST P v3
M3 vz

0.0000¢ -0.6 000000
000000 00000 .000000 .000
1.00000 -9.600000 000000
.000000 +000000 )

COMB UNICA MAX

4.00E-15

.000000

MX
.000000

.000000

000000

MX
.000000

.000000

.000000

FORCES

35.000000

T
.000000

. 000000

T
.000000

.000000

25.000000

2.13E-13

MY
60.000000

-60.000000

2.13E-13

MY
60.000000

-60.000000

2.13E-13

M2
.000000

.000000

M2
. 000000

.000000
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REL DIST

M3 P V2 v3 T M2
0.00000 <2 o5p_

.000000 SE-14 -000000 .000000 . 000000 .000000

1.00000 -2 pgp. .000000 . 000000

000000 E-14 .000000 . 000000
COMB  UNICA aea- - MIN

REL DIST P V2 V3 T M2
M3

0.00000 -2, 25gp-14 .000000 .000000 . 000000 .000000
.000000

1.00000 -2 ,95E-14 .000000 .000000 »000000 .000000
.000000

COMB  UNICA =-em-- MAX

REL DIST P V2 v3 T M2
M3

0.00000 0.565685 . 000000 .000000 . 000000 .000000
.000000

1.00000 0.565685 .000000 .000000 .000000 .000000
. 000000

CoMB UNICA MIN

REL DIST P v2 V3 T M2
M3

0.00000 0.565685 .000000 .000000 .000000 . 000000
000000 .

1.00000 0.565685 .000000 .000000 . 000000 .000000
.000000

ELEM 4 LENGTH =  20.000000

COMB  UNICA —— MAX

REL DIST P v2 V3 T M2
M3

0.00000 -0.400000 .000000 .000000 .000000 . 000000
.000000

1.00000 -0.400000 . 000000 .000000 .000000 .000000
.000000
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Armadura - EXAMPLE 5 - TWO-DIMENSIONAL TRUSS
8

FRAME ELEMENT INTERNAL FORCES

COMB  UNICA MIN
REL DIST p V2 V3 T M2
M3

153



0.00000  -0.400000
000000 .000000 .000000 .000000 .000000

1.00000  -0,400000 .000000 .000000 .000000 .000000
,000000

ELEM 5 zozm—swr=—====—=—u LENGTH = 20.000000

COMB UNICA MAX

REL DIST P v2 va T M2
M3

0.00000 ~-0.600000 .000000 .000000 .000000 .000000
.000000

1.00000  ~0,600000 .000000 .000000 .000000 .000000
. 000000

COMB UNICA MIN

REL DIST P v2 v3 T M2
M3

0.00000 -0.600000 .000000 .000000 .000000 .000000
.000000

1.00000 ~0,600000 .000000 .000000 .000000 .000000
,000000

CoMB UNICA MAX

REL DIST P V2 v3 T M2
M2

0.00000 0.447214 .000000 .000000 .000000 .000000
.000000

1.00000 0.447214 .000000 .000000 000000 . 000000
. 000000

COMB  UNICA MIN

REL DIST P v2 v3 T M2
M3

0.00000 0.447214 .000000 .000000 .000000 .000000
. 000000

1.00000 0.447214 ,000000 . 000000 . 000000 .000000
. 000000

ELEM ) - LENGTH = 22.360630

COMB UNICA - MAX

REL DIST P v2 v3 T M2
M3

0.00000 0. .000000 .000000 .000000
.000000 894427 .000000

1.00000 0 .000000 .000000 .000000
.000000 .894427 .000000

COMB UNICA —mea MIN

REL DIST p v2 v3 T M2
M3
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0,00000 0.894427 .000000 .000000 .000000
,000000

1.00000 0.894427 .000000 .000000 . 000000
.000000
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9

FRAME ELEMENT INTERNAL FORCE

ELEM 8 ======= == LENGTH =  20.000000
COMB  UNICA ————mmmmmmcmemeeee MAX

REL DIST p V2 V3 T
M3

0.00000 =1.200000 .000000 .000000 .000000
.000000

1.00000 ~1.200000 .000000 . 000000 . 000000
.000000

COMB  UNICA =ccmmmmmmme— e MIN

REL DIST P v2 V3 T
M3

0.00000 -1.200000 .000000 . 000000 . 000000
.000000 X

1.00000  -1.200000 .000000 . 000000 .000000
. 000000

ELEM 9 LENGTH = 10.000000
COMB  UNICA ———eemeeeeemmem MAX

REL DIST p v2 V3 T
M3

0.00000  -0,200000 .000000 . 000000 .000000
.000000

1.00000 ~q, 00000 . 000000 .000000
000000 200000 .0

COMB  UNICA ——meeeeme———mmmme e MIN

REL DI3T V2 v3 T
M3 d

0.00000 - .000000 .000000
000000 .200000 .000000

1.00000 g . 000000 .000000
. 000000 .200000 .000000

ELEM 10 LENGTH = 20.000000
COMB  UNICA oo MAX

REL DI
M3 ST 2 \L v3 T
0.

00000 1 500000 .000000 .000000 .000000

. 000000

.000000

M2

.000000

.000000

M2

. 000000

.000000

M2

. 000000

.000000

M2

. 000000

. 000000

M2

.000000
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.000000

1.00000 1.200000 .000000 « 000000 .000000
.000000

CoMB  UNICA - - MIN

REL DIST P V2 v3 T
M3

0.00000 1.200000 . 000000 . 000000 .000000
,000000

1.00000 1.200000 .000000 . 000000 .000000
.000000

COMB UNICA MAX

REL DIST P Ve v3 T
M3

0.00000 -9.81E-15 . 000000 - 000000 .000000
. 000000

1.00000 -9.81E-15 .000000 .000000 . 000000
.000000 .

Program SAP2000 Educational Version 6.13
File:EJEMPLOS, oUT

COMMERCIAL USE PROHIBITED

Page

Armadura - EXAMPLE 5 - TWO-DIMENSIONAL TRUSS

10

FRAME ELEMENT INTERNAL FPORCES
COMB UNICA — MIN

REL DIST P V2 V3 T
M3

0.00000 -9_g1E-15 .000000 . 000000 .000000
.000000

1.00000 -9,81E-15 .000000 .000000 .000000
.000000

ELEM 12 == = LENGTH = 11.180340
COMB  UNICA - MAX

REL DIST v3 T
M3 P V2

0.00000 9, 32E-16 .000000 .000000 .000000
.000000

1.00000 9.32E- .000000 . 000000
.000000 E-16 .000000

REL DIST v3 T
M3 P v2

0.00000 9 - . 000000 . 000000
.000000 «.32E~-16 . 000000

1.00000 9.32E- .000000 .000000
.000000 J2E-16 . 000000

., 000000

M2

.000000

. 000000

M2

.000000

. 000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000
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COMB  UNICA comomeecmm—meem MAX

REL DIST P v2 V3 T
M3

0.00000 =1.500000 .000000 .000000 -000000
.000000

1.00000 =-1.200000 .000000 .000000 .000000
.000000

COMB UNICA oo MIN

REL DIST P V2 V3 T
M3

0.00000 =-1.200000 .000000 . 000000 .000000
.000000

1.00000 ~-1.200000 .000000 . 000000 .000000
.000000

ELEM 14 z=ce=—=====c==c=e== LENGTH = 11.180340
COMB  UNICA ————— oo~ MAX

REL DIST P V2 V3 T
M3

0.00000 1.21E-14 .000000 .000000 .000000
.000000

1.00000 1.21E-14 .000000 .000000 .000000
.000000

COMB  UNICA —————mmmmemmemee e MIN

REL DIST P V2 V3 T
M3

0.00000 1.21E-14 .000000 .000000 .000000
.000000

1.00000 1,21E-14 .000000 .000000 .000000
. 000000
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11

FRAME ELEMENT INTERNAL FORCE
ELEM 15 LENGTH = 10.000000
COMB  UNICA --=———=—=—ececece——- MAX

REL DIST P V2 V3 T
M3

0.00000 -0.200000 .000000 .000000 .000000
.000000

1.00000 -0.200000 .000000 .000000 .000000
.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000

M2
.000000

.000000
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COHB UNICA —-—d

.00000G0

COMB  UNICA

MIN

REL DIST

M3 P \'7 V3 T
0.00000 -p

,000000 +200000 .000000 .000000 .000000
1.00000 -g

000000 200000 .000000 .000000 .000000
REL DIST v3

M3 P v2 T
0.00000 o, .0000 .000000
.000000 447214 .000000 00 000
1.00000 0. 000 -
000000 447214 .000000 000 000000
REL DIST

M3 P v2 V3 T
0.00000 0.

000000 447214 .000000 .000000 .000000
1.00000  0,447214 .000000 .000000 000000

===== LENGTH =  22.360680

REL DIST P
M3

0.00000  0,gg
.000000 4427

1.00000 o,
.000000 894427

COMB UNICA

REL DIST P
M3

0.00000 0-394
.000000 127

.000000 2

ELEM 18 ==

MAX
v v3 ' T
. 000000 .000000 .000000
. 000000 .000000 . 000000
MIN
v2 v3 T
.000000 .000000 . 000000
.000000 .000000 . 000000

= LENGTH = 20.000000

COMB  UNICA -

REL DIST p
M3

0.00000 -1,20
-000000 0000

1.00000 -1,
000000 200000

- MAX
V2 v3 T
.000000 .000000 .000000
.000000 .000000 .000000
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M2
.000000
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. 000000

.000000
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12

FRAME ELEMENT INTERNAL FORCES
COMB UNICA MIN

REL DIST P v2 v3 T
M3

0.00000 -1.200000 . 000000 .000000 .000000
.000000

1.00000 -1.200000 .000000 . 000000 .000000
.000000

COMB  UNICA - - MAX

REL DIST P V2 V3 T
M3

0.00000 -0.600000 .000000 .000000 .000000
.000000

1.00000 -0.600000 .000000 .000000 .000000
.000000

coMB UNICA MIN

REL DIST P v2 V3 T
M3

0.00000 -0.g00000 .000000 .000000 .000000
.000000 :
1.00000 -0.600000 .000000 . 000000 .000000
.000000

ELEM 20 LENGTH = 25.000000
COMB  UNICA —— MAX

REL DIST P v2 V3 T
M3

0.00000 -2, 1gg-15 .000000 .000000 .000000
.000000

1.00000 -2 16E-15 .000000 .000000 .000000
.000000

COMB  UNICa MIN

REL DIST P v2 v3 T
M3

000000 .16E~15 .00000

1.00000 -3 - .000000 .000000
000000 16E-15 . 000000

M2
.000000

.000000

M2
. 000000

. 000000

M2
. 000000

. 000000

M2
.000000

. 000000

M2
.000000

.000000
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REL DIST P v2 V3 T
M3

0.00000 0.565685 . 000000 .000000 . 000000
.000000

1.00000 0.565685 .000000 .000000 .000000
,000000

COMB UNICA -==== MIN

REL DIST P v2 v3 T
M3

0.00000 0.565685 .000000 . 000000 000000
.000000

1.00000 0,.565685 .000000 .000000 .000000
.000000
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13

FRAME ELEMENT INTERNAL FORCE

ELEM 22 LENGTH = 20.000000
COMB UNICA —— MAX

REL DIST P v2 V3 T
M3

0.00000  -0.400000 .000000 .000000 .000000
. 000000

1.00000 -0,400000 .000000 .000000 .000000
.000000

(9181 R 1) 3 i o .\ — MIN

REL DIST P v2 v3 T
M3

0.00000 -q.400000 .000000 .000000 . 000000
.000000

1.00000 -9, 400000 .000000 .000000 .000000
.000000

ELEM 23 z=———===—==——rzcu= LENGTH = 35.000000
COMB UNICA - MAX

REL DIST v3 T
M3 P V2

0.00000 - .000000 .000000
.000000 0.600000 .000000

1.00000 - 000000 .000000
.000000 0.600000 . 000000

COMB  UNTCA wc e oo MIN

REL
= DIST P V2 V3 T

M2
.000000

.000000

M2
. 000000

. 000000

M2
.000000

. 000000

M2
.000000

.000000

M2
.000000

. 000000
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0.00000 ~0.600000 .000000 .000000 .000000 .000000

,000000
1.00000 -0.600000 . 000000 .000000 .000000 .000000

.000000
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MODELOS DE ARMADURAS PLANAS

20.0

15.0
15.0

15.0

15.0

Nudo X Y
1. 0 0
2. 40 0
3. 35 15
q. 40 15
5. 30 30
6. 40 30
7. 25 45
8. 40 45
9. 20 60
10. 40 60
11. 40 80
12. 55 60
13. 55 73.3
14. 70 60
15. 70 66.7
16. 85 60
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CAPITULO V

P JI: P P P P
10.0- ®' @ s 7 ’ 9 . i ®
1l :
10.0 p O Y%
(©)]
15.0 ) %
®.m ®
20.0 200 200 , 200 , 200
Nudo X Y
1 0 0
2 0 35
3 20 15
q. 20 35
5. 40 25
6. 40 35
7 50 30
8 60 25
9, o0 35
10. 80 15
11. 80 35
12. 100 0
13. 100 35
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MODELOS DE ARMADURAS PLANAS

e ——

® P
20.0 z,
0, 15 @ P
20.0 ; J’
o— e
20.0 o
® 43 ®
20.0 89
® 60 NG
60.0
Nudo X Y
1. 0 0
2. 60 0
3. 0 20
4, 45 20
5. 0 40
6. 30 40
7. 0 60
8. 15 60
9, 0 80
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CAPITULO V

@ 11!
< Oy
30.0
® - ® - ®
S L
40.0 , 40.0 40.0 +
Nudo X Y
1. 0 .0
2. 0 30
3. 20 15
q, 40 0
5. 40 30
6. 60 15
7. 80 0
8. 80 30
9, 100 15
10. 120 0
11. 120 30
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MODELOS DE ARMADURAS PLANAS
-———————————————————

@ .
s %, 20.0
® ® i
:
3> s %, 20.0
® ¥ ¥ ® I
40
3> 20 %, > 2 %, 20.0
@® @ s : ® @
= ! Il 1< d Il -
200 . 20 l: 20.0 20.0_1: 20.0 T 200
Nudo X Y
1. o 0
2. 20 0
3. 20 20
4, 40 0
5. 40 40
6. 60 0
7. 60 60
8. 80 0
9. 80 40
10. 100 0
11. 100 20
12. 120 0
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CAPITULO V

V.7. Comparativa de resultados usando los modelos.

Se tomé cada una de las armaduras, cada una de ellas esta habilitada con cuatro
strain gages, los cuales estan indicados en cada figura, cada armadura fue cargada
con una P=200 grs. en donde se indica, con excepcidén de la armadura 3 cuya P=
840 grs., se tomé la lectura final Lg; en la tabla aparece la diferencia entre las dos
lecturas anteriores, con esta diferencia se calcula la carga axial presentada en ese

elemento y se compara con la carga axial teérica.

Para poder obtener la carga axial, se obtiene la diferencia de las lecturas, esa
diferencia es x10® mm/mm. Se multiplica por el médulo de elasticidad y por el area

P=Eg4 A=0.6cm?
Ejemplo :

Diferencia: 85

P = (6000kg / cm® ¥85x107°)(0.6cm*)
P =0.306kg.
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MODELOS DE ARMADURAS PLANAS

Armadura 1
P P P P
® ®
® ®
slan
Elemento 1 2 3 4
Li +105 -1300 +555 -310
Lf +20 -1428 +427 430
Diferencia +85 -128 +128 -120
P obtenida 0.306 0.461 0.461 0.432
P tebrica 0.334 0.4 0.334 04
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CAPITULO V

Armadura 2

)
®
@
- ! @ ! ) ! -
P P P P P

Elemento 1 2 3 4 |

Li 120 6553 2525 730

Lf 178 -6400 -2650 760
Diferencia 58 153 -125 30
P obtenida 0.2088 0.5508 -0.45 0.108
P tedrica 0.224 0.564 -0.50 0.142
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MODELOS DE ARMADURAS PLANAS

Armadura 3

Elemento 1 2 3 4
Li 2900 -1300 4385 -1425
Lf 2515 -1300 4490 -1684
Diferencia -385 0 -105 -259
P obtenida -1.386 0 0.378 -0.9324
P teérica -1.5792 0 -0.420 -0.840
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CAPITULO V

Armadura 4
P
P
A 4 P
P
J/D i
@
0,
e
Elemento 1 2 3 4
Li -300 -2710 4944 4223
Lf -3400 -2615 4970 4775
Diferencia -400 95 -26 -552
P obtenida -1.44 0.342 -0.0936 -1.9872
P teébrica -1.70 0.368 0 -1.70
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MODELOS DE ARMADURAS PLANAS

Armadura 5
P P P
@
3 4
L
Elemento 1 2 3 4
Li -2832 -1208 -1560 -5790
Lf -2540 -1510 -1573 -5758
Diferencia 292 -302 -13 32
P obtenida 1.0512 -1.0781 -0.0468 -0.1152
P tebrica 0.894 -1.20 0 0
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CAPITULO V

V.8. Conclusiones de armaduras.

En las mediciones se han encontrado diferencias con respecto a las cargas teéricas
de80 grm., segin se dijo con anterioridad, en el cuerpo de la tesis, al implementar
un modelo, existen errores en la medicién por diversos factores, los que se han

podido apreciar aqui son los siguientes:

¢ El médulo de elasticidad a etapas muy bajas de carga no se comporta idealmente
como una linea, sino que a cada incremento presenta diferencias en variacién
esto lo hemos observado en diversos materiales tales como el acero, aluminio,
latén y acrilico, siendo este Gltimo el que menos variaciones nos reporté. Al
momento de haber variaciones en el médulo, para cargas muy bajas, la precision
se ve altamente afectada.

¢ En el modelo se procuré evitar las fricciones, pero co-mo es natural no se pueden
eliminar totalmente, por lo que aparece su influencia en las lecturas, tomando en
cuenta ademés que al aplicar cargas muy pequefias en algunos casos no son
vencidas las fuerzas de friccion por las aplicadas.

» Existen algunos elementos en las armaduras especificamente esforzados, éstos
han cedido a la solicitacién y el strain gages nos reporta la deformacién por
compresién mas la deformacién por pandeo del elemento, esta lectura
generalmente nos da errénea en el modelo, se sugiere mostrar ese elemento o
darle mas capacidad de carga.

o [a temperatura ambiente a la cual se realiza el ensaye afecta significativamente
en las lecturas.

o El rodillo que se utilizé tiene friccién y etapas muy bajas de carga, tiende a

comportarse como una articulacién.
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MODELOS DE ARMADURAS PLANAS

_————

Estos errores, en la medicién hasta cierto punto normales, no han impedido,
significativamente, visualizar las cargas presentadas en la armadura y si se pudo
lograr el objetivo de ayudar a explicar el comportamiento de las armaduras en el
aula o laboratorio,
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CAPITULO V1

V1. MODELO DE COLUMNAS
VI.1. Generalidades

Longitud efectiva.

Expresado en términos sencillos, el concepto de longitud efectiva es un método para
convertir mateméticamente el problema de evaluar la carga critica de columnas en
estructuras reticulares completas, al de una columna aislada equivalente, doblemente
articulada, con extremos no desplazables.

La “carga de pandeo”, “carga critica” o “carga de bifurcacién” de Eiiler es el valor
de referencia con respecto al cual la resistencia de columnas reales se compara
mediante la sustitucién de una longitud equivalente o “longitud efectiva” en lugar de
la longitud real de la columna.

Cada columna individual se disefia con una ecuacién de interaccién deducida para
columnas aisladas, en la que se incluye el factor de longitud efectiva K que le
corresponde por ser parte de una estruchwra continua, teniendo en cuenta las
restricciones en sus extremos que ke proporcionan los elementos que se conectan a ella.

V1.2. Demostracién de formulas de columnas
V1.2.1.Hipétesis fundamentales para la deduccién:
1. Lacolumna perfectamente recta
2. La carga axial sera aplicada a través del eje centroidal de la columna.
3. Las secciones, planas antes de la deformacion, permanecen planas después de
la deformacion.
4. Las deflexiones de la pieza son consecuencia de flexién solamente; es decir, se

ignoran las deformaciones por cortante.
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