[ Downloaded from mcej.modares.ac.ir on 2025-02-17 ]

[ DOI: DOI: 10.22034/22.3.241 ]

PETSTE N PEN
ool Olias pudige

Ve dle Yo less P95 5 T 0993

S ! 1 5 o 9 G eyl (S5l S
s Oslg Sl &

Yok sla S oiled b FOLiLe Ll

Ol pl s s oDl on oKl (3l g 5 (olome 0dSKEINS ((golams (g5 5k8 Al ol )8 gzt gal jZils =
‘-"jﬁ‘ ‘J-i‘}.n; cﬁja.: dﬂ')Lﬂ‘jA emb ch‘)L.NJ«.&) LSJL).&A em‘.} gd)\m’u 6))“) J..A.,.:vj.é LgLAoJLN )L:.j..}b -y

d‘]’.’.‘ ‘J’.’.J‘J ‘J’.’.J‘J Lf‘,}L'A J"& eli:;.“.) Ld)LwJQ-JJ 9 LSJLW bM‘J Lfr.;)l; dub L;;’U f&?ﬁm‘ )L;.)L’Lw‘ —Y'

* t.sabaghian@tabriziau.ac.ir

VEVYNN Sl b VEr /N YA el s b

Slhlomn la s 3l 33 4 4 ol bassl 3 ot ls las s slie 5 555 8L (sl (6 arlomn 5 o g5 SO Sl SIS
o Sl G318 51 oslinad b i ol 53 bl o s e cpl @ 0 5 p b Blie Dl sed 53 S ate w6350, b e
Wl gl S Sl 5580 55 500 50 Slasls s S el dia sk ol Sl ol ol als  O)ls 50 e o sB Sl
A 5 5 0ols b g e a5 S 8T 03 gl = 1 e g s Bl 5 ale b ol (Sl bl LB e
G L Sl Jool (308 s alis 4 pla e S (G853 53 0t kg 0 S S35 5 s lael Ol o (61 il 03 g
ol odalin ZV/Y 25y 53 Ol Cat] ST sl ol aistls 5 does Oladl Slawloes s, b esline (o 108510 o w53 slal =

3ol gslgig p-"‘-l))g‘ 3L sl Ce 5 235 51 S vil.aﬂd:wﬁ sbgileans @l:d NG

Gk Sl sl s [1] dmes Sla)s 3l g doio —

e S S sl S Canb il goledoles Sl i oS dieen 551 il (slaesle Sl (glazs aly =

3 o3ges plald 1 lag b il Cod oo 8 Ol i dndls ol O s s 50550 coln S5 sladilas LS 5

S s gl Lol bl (g3laaned 1y padly p 3 olas 08 ShaeVlas! bl cxle uomen gy Hlas Lol
YT


http://dx.doi.org/DOI: 10.22034/22.3.241
https://mcej.modares.ac.ir/article-16-58799-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-02-17 ]

[ DOI: DOI: 10.22034/22.3.241 ]

o5 03 Sl Sl SIS o 5 S el (s5b S

48 goea 53 IS das SIS ) Gl kst il
oo Jelw Lk WLl b s en g 1B agls
Lo (V) ISe 5 [4] sped e 1 dty sl b
0Lz pbb gowie Jaw 5 Lo 10851 LWloss 5 4 523 51 40 g

el 0l 03l

[5] Lol Lbb e 5leslinal b (g 108,50 o Y ISS

Fig. 2. Lo-a:(‘:}lé‘ analysis using funicular diagrams and closed
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Fig. 1. Stevin’s drawings on force equilibria [3]
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Figt 3.4The process of introduction and evolution of Graphic
statics
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Fig. 4. Form and force diagrams in Graphic statics drawing by Bow’s method [11]
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Fig. 5. Complete force diagram and calculating the internal force of all elements of the truss [23]

U 4 yasiie o S L edel s B s ]
Wl 5 plab s Ole pl 53 Lad o ISEL 5 fare
el Sls 5 L o 5 bl cbslast ot (L L U
TV LA aslyssrs Sope 03 13 s I RS o0y
o B 55 0 S Ll ol ol SOIEE s 4o
SIS PL (sl ot SN i 55 g0 (1SS0 51 g 23,10
Glalas b bl sk 108 6L 5, bl 5 4>
L ol Ole laliad 5 S g > L Loy, Ol
L dle aas IS pl gl Lsd jasie 4108 o ke
i Olye a5 odd als lag s Ole odiS foats
rl s gl e an § L ps IS Sl Gy > Slattes
5 0 2 ol SLs 53 s bt Olses 5b s e
S byd 5l eslenal b lag 8wl .l ol LSJLK(’U

M;Qw‘)QTQwabdjﬁJ)})r@)J

Y¥5

X § W eSO gl b (Silwosly-¢
Il (Sl SIS s,y o sl 5 Goluesly s
S5 eslial b 0oy b s M gl e, S
o B S s ael Ol G oS e S 08
el pkin 5 LSl il Sl Sl e S IS0
Jels p—%)}ﬁ‘ gl el slagssss As ads
Olge 4 abs 95 5 by s slenl 5 Tl blo Olaskes
O 5 Cmomen 5 L gLl & daen OLaS 53 ol S
bls olass 53 i b ssd o0 J 28 b g3 cpl oy
S S bl Cose L2 03 Ols e alles LIS
shael 5l algsds 2ol G L b OleS OF 5w 550
Slpade pl sl e (ol Cand 4 acb
b Uil on-l Hlaie & w28 SOV OLS
Ml spd (KA s a4 Ll s Ol

bﬁwﬁﬁjﬁoJJ&JL&»&‘)JGM@)J{éuQF


http://dx.doi.org/DOI: 10.22034/22.3.241
https://mcej.modares.ac.ir/article-16-58799-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-02-17 ]

[ DOI: DOI: 10.22034/22.3.241 ]

Very v aJW/fjajs:mﬁeJJ:

u.a)-\ﬁ O'ﬁﬁ (5'"\:4" ﬂ}k—wlﬁdqu

sl L Ol o oS Do ol w255 08 0 S
S osb a5 e Jlased 53 s ol Shs 5s
ol ol Sl g 3505 ealie (slelind 5 i |y i
ol SLs Lol o ambonn 1 eslizal b oojlss T3
salaly 8L Gl ekl Sl esliad 5 e s
s b LA b bt BLE (oses 5 B 4l
e el Sk e ol Slhas pas s 2 6l 2550
Sope 0 8 2phe amlie 2lg g el Sl b ol
G a5 53 2 20 p1SLs 53 Sl sl pue
5ok bl () S s Sl dlies pl 530
233l 55 508 el Sbs gad b ss el 3 150
S8 b el g o) S S gles (1) IS
Gt gazme SOl Ky a il sl asie K,

el o 313 5 ol o 53 0 aslind (slaad] po

Sao bl Dose 4 Ben S g A ey =Sy oS
T
A G Smbl by s dlest 51y aalsl o
Shesliad b eV eode Slalos aled (L2 51 fade
Sl oS siS 5 5 slashy ol s S oyl
e Sl api plwl (AT Sl S e
53 8 g akd S8l Sl e ol lag s el
slasl o 31 aS b glialy sl a3 S 513 5 0 L
PE 5 odd ol byl |25 550 Jol L~
e S cpl s el s L gla0ss b ks e
Lol aan o3 ol Sbis Bl il s b 0T 5l g 355 0
b Lpdie s ooliss Jlail bshs 5 odd 55k
by Sl ol ol s LB s pl S
2355 ¢l 8 Ole 6 b 53 b3l sl wb ol 4l

‘;-95O)‘)d‘-;f‘ﬁ);é)(}(bflﬁd“’;lﬂﬁj&-:fﬂ‘)l{, 64.]4!‘)J-:j}]6‘,!].4&‘}‘4;644}}3‘);aMMfﬁ)ﬂ‘)‘éde..\Js-:'

LTy
W

Fig. 6. Overview of the algorithm coded in the grasshopper 3d plugin to generate a parametric two-way relational form and force

diagram for the Warren arched truss
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Fig. 7. Matching the new form diagram related the new force diagram with previous version
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Fig. 8. Graphical process of form and force diagram drawing algorithm of Warren arched truss for Graphic statics method
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Fig. 9. Changes made in the force diagram and redraw the form diagram corresponding to the changes
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Element Identifier Model (1) Model (2) Model (3)
Graphic Finite Graphic Finite Graphic Finite
Statics Element Statics Element Statics Element
BO 33.368 33.74322 32.843 33.74322 5.732 5.799374
Cc2 28.563 28.8496 27.189 28.8496 2.3178 2.345461
D4 28.563 28.82715 21.084 28.82715 7.105 7.169194
E6 33.368 33.76678 24.094 33.76678 3.874 3.9082
Go6 26.754 26.99639 19.318 26.99639 7.998 8.07658
G5 25.72 25.96979 18.572 25.96979 6.909 6.988481
G3 27.076 27.38323 13.328 27.38323 2.976 3.008638
Gl 25.72 2598157 5.628 2598157 6.285 6.355109
GO 26.754 27.00661 5.854 27.00661 7.275 7.354756
01 3.024 3.050421 0.662 3.050421 2.604 2.627454
12 2.7 2.73031 7.002 2.73031 5.762 5.812902
23 1.547 1.560606 3.624 1.560606 3.237 3.268062
34 1.547 1.560498 4.447 1.560498 4.031 4.069573
45 2.7 2.728034 3.437 2.728034 6.829 6.899673
56 3.024 3.054122 2.184 3.054122 2.862 2.895981

Table. 1. Comparison of internal forces of sample truss elements based on graphic statics and finite element methods
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Type of Truss Form Diagram Force Diagram
A
]
10(N)
X
Model (1) . F 6
p
E
25.0(N) R5.0(N) F
H
Model (2) i E
20.831073(N)

29.168927(N)

-

Model (3)

29.168927(N)

20.831073(N)

Table. 2. Form and force diagrams related to Graphic statics method for sample truss
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Abstract

Graphic Statics is a visual analysis and calculation method to find the type and amount of internal forces in
structures, which achieves this importance away from computational difficulties and only with a geometric
approach focused on two reciprocal diagrams of form and force. In this paper, arched trusses based on Warren
type are analyzed using graphic statics. For this purpose, the parametric model of form and force diagrams
were programmed in the Grasshopper parametric plugin. Parametrization has also provided the ability to find
and analyze any different types of free-form trusses based on the type of warren truss. To measure the validity
of the method and the accuracy of the algorithm written in the Grasshopper add-on, the numerical results
obtained from several samples of arched trusses under different loads have been compared with the finite
element computational method. The results of the validation simulations indicate the high accuracy and speed
of the proposed algorithm.

Bow’s notation method with peer-to-peer drawing of members from form to force diagram is a suitable
method for graphical calculation of forms with discontinuous components such as truss, by which the internal
force of each component can be obtained separately and through drawings. This streamlines the drawing
process with rules and principles and makes it easier to continue analyzing components based on calling by
name.

First, an algorithm for arched truss production was written. The initial inputs in this algorithm included the
coordinates of the beginning and end points of the arches and two points as the key of these two arches, whose
truss height and also its rise are controlled by these two points. The lower arch was then divided into (n) equal
parts by an arbitrary parameter of natural numbers. This number is one less for the upper arch, i.e. (n-1), so
that the Warren Arched truss can be formed correctly. After loading, an algorithm for truss naming was created
based on the Bow’s notation method. To draw the part of the external forces after receiving the starting point
which is located in the force line and the direction of the line which is obtained from the slope of the truss
members; The intersection of the calculated lines and the points related to the truss zones are obtained and this
diagram is drawn. Also, to examine the algorithm more accurately, the abutment reaction values obtained from
the finite element method and the graphic statics method were compared. The comparison of simulation results
shows the maximum difference about 1.2 percentage.

Keywords: Warren Arched Truss, Graphic Statics, Finite Element, Parametric Form Finding, Grasshopper
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