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Study on the combination of Diagrid and Hexagrid structural systems for tall buildings
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ABSTRACT: Nowadays, the close confrontation between structure and architecture has led to the
invention of new structural systems, such as the structural system of Diagrid and Hexagrid. These systems
have attracted the attention of many architects and structural engineers due to their structural efficiency
and architectural aesthetic potential provided by their unique geometric configuration. Hexagrid
structural system has high ductility, and Diagrid structural system has high stiffness. One of the most
important principles in the field of high-rise structures is the use of an appropriate structural system that
have a significant architecture, in addition to satisfying the three requirements of stiffness, resistance,
and ductility in the design of the structure. Therefore, in this study, the combination of two systems
of Diagrid and Hexagrid at the height of the structure in order to take advantage of their benefits is
proposed. For this purpose, four structures of Diagrid, Hexagrid, Diagrid-Hexagrid compound structure
and Hexagrid-Diagrid compound structure were analyzed and designed using the linear dynamic method
with ETABS software. Then, their seismic performance was evaluated with PERFORM 3D software
using non-linear static analysis in terms of lateral displacement, stiffness, ductility, lateral resistance
and behavior factor. Comparison of the structural analysis results shows that the Diagrid-Hexagrid
compound structure has a more favorable performance against lateral forces than the two systems of

Review History:

Received: Jan. 08, 2021
Revised: Jun. 30, 2021
Accepted: Jul. 01, 2021
Available Online: May, 20, 2022

Keywords:

Tall buildings
Structural systems
Diagrid system
Hexagrid system

Lateral force

Diagrid and Hexagrid.

1- Introduction

In tall structures, the importance of the lateral force
effect increases rapidly with increasing building height.
On the other hand, stiffness, strength and ductility are all
necessary to meet the design needs and tall structures should
take advantage of these properties in combination. Basically,
the degree of hardness and ductility depends on the type of
structural system. The diagrid system is more difficult than
other structural systems. Due to the use of diagonal members,
this system creates considerable shear strength compared
to the system with orthogonal members. Another external
structural system is the hexagrid system. This system has
behavioral structures similar to the diagrid system, except
that it uses hexagonal grids to withstand both gravitational
and lateral loads in the structural view.

Hardness-based design principles were applied by Moon
in 2009 [1] to steel diagrid structures with different heights
and lattice geometry to determine the optimal configuration
of the diagrid structure within a certain height range. In 2010,
Chao Huang et al. [2] proposed two types of connections
for diagrid structures. Each connection consists of four
diagonally intersecting columns of steel pipe filled with
CFST concrete and two beams. They also provided a relation
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for calculating the bearing capacity of joints according to the
Chinese design regulations for CFST columns. In 2013 [3], in
order to investigate and determine the optimal configuration
of diagrid systems, braced pipes and truss systems in high-
rise buildings, he conducted studies and achieved significant
results, the most important of which is the effect of stiffness
distribution difference on consumable steel with increasing
The height of the building. To reduce the stress concentration
in the joints of diagrid structural systems, Sung Mu Choi et al.
In 2015 [4] proposed two methods to increase the thickness of
the capillary and its length and to develop a hardening sheet.
Between the two proposed methods, increasing the thickness
of the headboard is more effective in terms of the amount
of steel and the capacity of the connection structures. Trypty
and Singla in 2016 [5] proposed a design method based on
the difficulty of determining the initial dimensions of diagrid
members for tall buildings. From the comparison of the
analysis, the results showed that with increasing the diagrid
angle, the time period of the structure and the maximum floor
drift increase and the spectral acceleration coefficient and the
base shear decrease. Sadeghi et al. In 2018 [6] calculated the
response correction coefficient (R), resistance coefficient ()
and displacement correction coefficient () based on FEMA
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Fig. 2. Initial stiffness of the studied structures

P695 method. The results of their research showed that the
R coefficient for steel diagrid systems depends on the angles
of the oblique members. For diagrids with angles of 45, 4.63
and 5.71 degrees, the values of R coefficient are 5.1, 2 and
3, respectively. Mashhadi Ali et al. In 2019 [7] evaluated the
R response correction factor for hexagrid instruments based
on the FEMA P695 method. The results of his evaluation
showed that the coefficient R, 4, meets the acceptance criteria.
Mohsenian et al. In 2020 [8] analyzed the seismic reliability
and estimated the multilevel response correction coefficient
for steel diagrid instrument systems.

Examining the studies, it was found that the research in this
field is focused on diagrid and hexagrid structures separately
and in them, non-linear and dynamic static analyzes have been
performed and also some studies have been done on joints and
a study regarding the combination of these systems in height
has not been done. Also, according to the studies done in the
field of external structural systems, it can be pointed out that
hexagrid instrument systems have high ductility and diagrid
instrument systems have a very high hardness. Therefore, in
this study, a combination of hexagrid and diagrid structural
systems was considered to improve the stiffness, strength
and ductility of high-rise structures. The design and analysis
results of this composite instrument system were compared
with diagrid and hexagrid systems separately, and the most
suitable instrument system in terms of seismic parameters
was proposed.
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Fig. 3. Over-strength factor of the studied structures

2- Methodology

In order to evaluate the seismic performance of the systems
under study, they must first be designed and then evaluated.
The selected structures are four 32-story steel buildings with
similar plan, heights and loads. The first model is a structure
with a diagrid system and the second model is a structure
with a hexagrid system. The third model is a structure with
a combination of diagrid and hexagrid structural systems at
the height of the structure, 16 lower floors of the structure
have a diagrid system and 16 upper floors of the structure
have a hexagrid system. The fourth model is similar to the
third model, except that the hexagrid system is used in the
lower 16 floors and the diagrid system in the upper 16 floors.
Diagrid systems have eight-tier modules with a diameter of
66.59 degrees and hexagrid systems have four-tier modules
with a diameter of 30 degrees.

3- Results and Discussion

* Structural capacity curve

Structural capacity curve comparison of force-
displacement diagrams of structures is shown in Figure 1. As
can be seen, the hexagrid structure (model B) and the diagrid-
hexagrid composite structure (model C) have nonlinear
behavior and their cover curve has entered the inelastic region,
but in the hexagrid-diagrid composite structure, the structure
has a completely linear behavior. Each force-displacement
diagram is linearized by Priestley and Pauli method and the
values of stiffness, lateral strength, ductility and coefficient
of the behavior of each model are calculated and compared
with each other [9], [10], [11], which are described below in
the results of each of them.

e Lateral stiffness of the structure

The initial stiffness values of the models are shown in
Figure 2. As can be seen, the diagrid structure (model A) has
the highest stiffness and the hexagrid structure (model B) has
the lowest lateral stiffness, and the stiffness of model D is
higher than the stiffness of model C. Hexagrid structure with
the lowest slope of the capacity curve has less stiffness than
other structures. The stiffness of models C and D is between
the stiffness of diagrid and hexagrid models.

e Lateral strength of the structure
The obtained lateral strength for each of the structures is
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shown in Figure 3. The lateral strength of the hexagrid structure
is higher than the lateral strength of the diagrid structure, so
it has a higher bearing capacity to withstand lateral forces.
The diagrid-hexagrid composite structure (model C) has the
highest lateral strength. In fact, the nonlinear region in the
curve has more capacity and more plastic joints are formed,
so model C has the highest ultimate bearing capacity to
withstand lateral forces. The extra strength coefficient of
the hexagrid-diagrid composite structure is equal to one, as
shown in its capacity curve in Figure 1. This structure has a
linear behavior and its cover curve does not enter the nonlinear
region, so its maximum base shear is equal to the shear. The
base is when the first plastic joint is formed; this model does
not behave well against the forces of the earthquake.

4- Conclusion

Due to the fact that the Model C structure is a combination
of diagrid and hexagrid structures, so it has all the appropriate
seismic properties of these two types of systems due to its
higher lateral strength, medium stiffness and ductility
than diagrid and hexagrid structures with better seismic
performance. Also, in terms of economic efficiency and
optimal architectural performance, the use of this combined
structure is preferred for high-rise structures.

References

[11K. Moon., Design and construction of steel diagrid
structures, NSCC, School of Architecture, Yale
University, New Haven, USA, (2009).

[2] C.Huang, X.L.Han,J.Ji,J. M. Tang., Behavior of concrete-
filled steel tubular planar intersecting connections
under axial compression, Part 1: Experimental study,

Engineering Structures. 32(1) (2010) 60-68.

[3]1K. Moon., Optimal structural configurations for tall
buildings, In Proceedings of the Thirteenth East Asia-
Pacific Conference on Structural Engineering and
Construction (EASEC-13) (pp. G-4), (2013).

[4]S.H. Lee, S.J. Lee, J.H. Kim, S.M. Choi., Mitigation
of stress concentration in a diagrid structural system
using circular steel tubes, International Journal of Steel
Structures. 15(3) (2015) 703-717.

[5TH. Tripathi, S. Singla, Diagrid structural system for RC
framed multistory buildings, International Journal of
Scientific & Engineering Research, 7(6) (2016) 356-362.

[6]S. Sadeghi, F.R. Rofooei., Quantification of the seismic
performance factors for steel diagrid structures, Journal
of Constructional Steel Research. 146 (2018) 155-168.

[7T1N. Mashhadiali, A. Kheyroddin., Quantification of the
seismic performance factors of steel hexagrid structures,
Journal of Constructional Steel Research. 157 (2019) 82-
92.

[8] V. Mohsenian, S. Padashpour, I. Hajirasouliha., Seismic
reliability analysis and estimation of multilevel response
modification factor for steel diagrid structural systems,
Journal of Building Engineering. 29 (2020) 101168.

[9] Ministry of Roads and Urban Development, Deputy
of Housing and Construction, National Building
Regulations, Topic 6, Loads on buildings, third edition
(2013). (In Persian)

[I0]FEMA356, Pre-standard and commentary for the
seismic rehabilitation of buildings, (2000).

[I1TATC 19, Structural response modification factor,
Applied Technology Council NO. 19, (1995).

HOW TO CITE THIS ARTICLE

DOI: 10.22060/ceej.2022.4803.7183

H. Saeidi Nezhad, F. Omidinasab, M. Hosseini, Study on the combination of Diagrid and
Hexagrid structural systems for tall buildings, Amirkabir J. Civil Eng., 54(9) (2022) 733-736.

735






785 500 ()] yo (o kien & i

YEPE B PRIV Sloio AF) Jlo @ 0)lad OF 053 s peal (yas sosine 43
DOI: 10.22060/ceej.2022.4803.7183

a8 yocily o Loy 51 13 33 51550 5 34,5143 (glojlus St 33 (02

e (oo nd (gl 9y )8 Ol gdamw Cols

1891 au )b
AASCVARVACERIEIT
VEe oo ¥4 2,555
AAERVER 7A RNV IORY

VYN 1o T )

1605 Clols
aiyo 3l ledlo
Slojlo i

L 5b e
25135 it

52,55 lojls s dlax 3l (g8 (glojls slaptus glal 4 oo cg)lans g 03l S35 Jlony LB 09l 1Y
4 paie (podid ¥ by 0ad Bl (3LBLy] Jedly 5 dlojlo (LS e 4 gt cpl Canl 0nd 1 S35
oz 9 Yl (62 g IS 5 02,5135 (glojlus s el 485 )15 0l stige 5 (hlone S| (6l g5 3y90 n [ 2,3
csitmw (b dw Lol 0gMe Wlawy a8 glo il Canlio piwnms S5l oalatul .cawl 0ys8 5 (oYU Hluws 5w 510 Lo (glojles
W tel 4 ponily (laojl ainej ) Jgol (n imaee j1 4l anily (25 BB (ilame cojlos ()b 13 (605 S 5 Cnglie
03l sl o LS )3 ol (sllso 5 (32 e pglaie 42 03l £l ) 5 T35 9 13> s 99 S 5 gy ol 0
Soslazal b 4 )5b —0, 1380 (S 5 05l 5 0513500 ,515 (005 5 03l 0y )S135 0 S5 03 ¥ et (s .l s
Sl o 3l oozl b bl gloj) 3,5kes s sl 05 3yl g ol Lo Ssolys 39, 4 ETABS Jljle 3
Card 5 ol Coglie (6 pdy S (o ¢l e s slo el i | PERFORM3D Jljilp i L g s e

gy plp (s pellhs b Slas 1 SLo =0 51380 S 5 0jle &S s oo i ol Julod ol dus o A (a3,

)03 35,5135 9 05 513 peses 93 &) G Sl>

blie cnpmee A8 o odlatul il slod 3 (Sl g B o)l
s olads Sl b olaojle jd o] 51 ooliwl el b S135e i
e b dualio )3 (e lo (glod )3 9Yg8 ST 5 ()jg (39 oS g
3 S0t by i 5 (s s 3,51350 ol 3 Ao 2y S
el glojl CublB cpl 11 05 g0 el (o G slaglall (5500
Dad o A5 gl ygiw dlas Eals

oS ey aye il Glapletle ghjls céypiy sl S
Al o ol Canglin Liul33l Coows 4 )] JolS5 pou 33,5 0 alas o
ohg & 5 U3j) (Sl o)kl sy sl sbplesle ) cdids
2 bl e s 1y (Lol (ids clojlu sla Shg s 5> &S it (oL
Ol s o (lojlo (sl S it & Ly yuon
VR NP I e

@ VYt o pge bwg (B p e (Bl el
s sl ilisen 4Sub dwdin 5 g5l b (63Yob 1,5b slaojle

Oezed ol b Jlos!l fpare g5l 035050 53 15 L 0l i (g S

Aodko -
@ glasle el GRIBIL (Sl 6550 F1 cuenl 2l laojlo 5
3980 dbj s 4 gl (sl e s g b oo 13T oy
(s 5> g 3,5 e b oS S s ollasMe of
Wl o908 (Hhb il Lol 5 aw 2 (6l USG9 Cuglie
iy o o b eSS Oyge 4 ol cpl I Cunlioe ail laojls
ol (S (glojles s €55 & St JS5 5 (s e Lol
ol 35,500 i B)b oYL B &S 2B clojle slapiuw
2l & s 51 s WS (o Joo (2laS b S wlie o5
Jds 4 s ol bl o (gydn B )b ol slapiiuw
g &y o |y (s lo B 053y Caoglio 5 b sl 3 ool
B lojle (el 5500 (S A8 o sl olxie (gliael |
g b alie 6318y lojle piusw (pl ABlioo 051350 s
39 0 Joos (sl (Al b (sladSed 48 Slis I35 ko

omidinasab.f@lu.ac.ir :cbss sosge oding

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

YEVY



YEYE B YEVY docio VF) Jlo A 0,loud OF 095 ¢S ool (ol pos susi 4y

O & S g3 3o (mpe (I L S ojl & 485 does
Gl ol a8 Gl )3 dil iy g il by ko o) e
S92 90 Sgw b 5b lojlo wlug SYLaSl 3 (A 5505 alS
Jobo 9 gy Caslses Gl gy 93 [NV VN0 Jlo > ol
o ot gy 93 oy -0 dlggii |y oS Cduw 59 dmwgs g )]
OYlasl glojlw cud )b g oY ed Jlade ol ygtupw Cwlbus il3dl
oz 5, les IY]YNE Jlo 13 Wigys g b laS 0l oo 5 550
02y 4 e Cud) sl Cons b g calisee (sblgs by Sb (slae b
03905 ()31 (S e (Sl sl ey Jilo bawsgi 1y et (oo
Al Koy cdalllan )3 o 8,5 4o 0 05 8L ojle (gl Jae plod yd
kot I o 43 by o 0lS Slal g 815 | Slae o9
2 Mg g sty Bl Sl S g dinloe gl sl Cov oils
Smo3l] s (sl i ol b Lbgy o IW] YN8 s
duwlio 1 00905 Gl aidy sl yleitlo (glp 8L ojle slacl alsl
ST g 0jle Sloj 3925 5L drgly Liul3sl b aS amsl s gols U]
b Gl b Jip g (b Ol oyl g Gl Al i)
(R) gesly Mol i drusloeo 4, [VF] Y VA s o o) o g (ol
oobl (Cd ) e o ol i 5 (£2)) camglin bl 2
oo oS 0l i bl Slidss @ls s, FEMAP69S o,
DIy (Ktaw g slael sblgs 4 (e3Y 98 1,5bs lapiunw lp R
iy R oy polie a5 0 V0 4 SY/F F0 cblg; b ,SUs 4l
DA]YR Jl s ohKen 5 Lo ieto ool 00 (e ¥ Y /0
ool 2 5135 lojls s (sl R Gl ool o )1
&S ol ol g9 by @b cwl ash, FEMA P695 .,
P OhlSen g Gl WS o 03)5l 0 |y By slajlae F R copo
ol G pd (a5 g (slojy) lisabl cell Jlow 4 PF VY Sl
sl 4By (93Vg8 0 5L (slojls (slaptu (gl (rlawix Gl
2 o pbsl Glidss oS Wb asuine ol ploo] Cldllas wyp b

Freie lipme Oygpo )51 9 50> slaojle g9y ae)
5 oud plowl (Soolid g (st (Sl lalos o] 53 5 035,
2 Gladlas g sl onds plosl YLl gy g Oldllas Sy puised
2y b pionen Cul oads pldl £li)] ) gt (pl S 5 pogad
ol & Ol (2B lojle slapiuns dise) 53 0ud ol Cldllas &

i 9 YU (6l IS5 510 5158 (glojlu it a5 2,8 o )Ll 4SS

Gl il by Sl cale ol deny jelaio 4 alisee (sla sl il
JSiza L) o sy e 33,5l slaosla sy Sl 5 39 Y]
25999 CFST oy jloads yy (09¥5b (g 50 ablite (520 oz |
2 OVl ()l Ced s dlone (gl bl S5 ppizeon Lol Al oo
osS 0905 &l CFST ssin dp e ok d..oljoyj ool
St (glojy) 3)Slas byl 4 5 VIV Jlo o J g ol
5 Seslol U7 51 o0kl b Uiy oo Cilien (glaygls b 5,815 (glojlus
L) loo gl il 331 L oS wioly L )] aisslyy Jos e Saolind
gy o Sl Mo IS (Sl Cunglie g Gl by 53T ]
9 S bawg 93V 051> e loj ) 3 Shee ul s e ol
FEMA- g, 93 5l (oS5 a5 a5 b [F] YoV e Jlo o il Ko
38las [A] YWY Jlo o oL g o> a3l 0 ATC-63 5450
ol dlas 5 sl gla)l s 1,5Ls (glaojlu 5 lao,S (gl o
Cowd & gl olul  oaled ) 920313 418 (g 3)90 |y A5 9 2L
Iy =Bly sl ylait b o odlaiwl gl o,S sl sladsg Sy W
dl.m)',.,lm lwg )lite b slaojlu (sloj ) o Sas oLl 00l slpsiy
[FIVAY Jlo ) lSan 5 o8 bawgs (b (Sealins g (Sl
sily eloplarile LIS U8 5 e Sl bl gl olul i plos
@ VIV Jlo s Bl Sl b bl slojy) 2o )l
Seolind 9 (Silinl U 93 Lawwgs 4,513 anses )3 )l @395 0555 (b))
S el (03 o Sloj s e I e el izmen Sl s
@ AV Lo p3 (9o idged gy |y sl (19,3 oy g S
ke g )51 slaplinn Ak (G405 w9 oy pslate
s & g0l pll |y Sllas sl gla laid b )0 (Sl 3 e g 0l
2 B @35 gl ,8b ol (e & Sl cus aag LB
Sl g ool ezl £l Ll b dpas (lojls 3V
s (il Ced)b g S JSS Gl jolate 4 [A] VY Sl
o295 BB oy SO o glaeliins b b (308 S5 b5y
A" Sdowy dom (pl 4y ol 00l &l 56 =l wlel p ol slpainy
cov isucolsy gloj) 0,Sles (ghly 03,510 a0l piuw ()
awlio & [V ]V Jlo 3 2y 9 (S)ly il 558 sbodl;
o bzl (e g (mpe M L S ojl (lojlu 3 )Sles
OleSe sk o ojle g3 cpl (b e (Sloj aoub g (ad (Sl

YA



FEYE B YSVY doxio VF) Jlo & o,leud OF 095 ¢pusS ool () yo i 4yl

6 (m) | 6 (m) v6(111) | 6(m) 6(m) | 6 (m)

6 (m)

6 (m)

6 (m) |

6 (m) | 6 (m) |

6 (m) |

(2)

.
AU e Ny i/
v S

PN
N/
[

Y,

Model A: Model B: Model C: Model D:
Diagrid Hexagrid Dia-Hexa-Comb  Hexa-Dia-Comb
(b)

csmy 2 90 W 03l gW5,1 (D) 9 M (1) Y JSS

Fig. 1. (a) plan, (b) height of the studied structures

ol oad 03ly L V S5 5o gla)) o ojle jles opl Soles )b
03)91 ol (b (gl (B pas plas Glasuio V Jods ;3 picred
ol 04 &)l o jl wdis Slasuine ¥ Jods 50 .l odds
Gy g date Gygo & I3h slays oYLl b e pled jo
Il cde 4 4bsS (slagygio s g (hado (JEI slagygio b wiomen
Sl ys (gl ol (il 3 Canl o g o J10,118 O yg0 ) 05l (04
B9 3 oad asle JSS T ablie jl wjle o5y il jolate 4y 5 3D
X gz p plp sl gloe Jus 4 BOX gbolie .l o0 o3l
5 odlatwl (¢l s 93 Ayl plp > LSS 3Slee 4 39 Y g
ol 0 4385 (a3 1> (g)dnd clacl g Jaee (sl daygiw

ol (b cas odlitul 3,90 (sladal pwl =) =¥
1wl o o3liiul Waojlu )b 5 (6)138,0 a2 sladel oyl ;)
o Sljhe @il cone lol p pledle (JB 613550 )
WYY i) olezsle

Pz Ghlns ool p glesle (o)) Bl HSL Y
AT (OYRY Lilss) YA« 5 ikl

acbiiy] ol 3 ETABS )3 ezl (s4) Lsls csliS)L -V
DAT(NBCC) Y+1+ Jlo 3 U ezl e

ol b Sl i e b1y 1Y cillas o ssb e

S (WAY Lislye)

514

i ol 1 ol 1568 1 oYU Sl 5w 4,515 lesls
ISy adyeuly Glaojls ply ISl o cuglie (s W)l <l
5 bl @l b aB S a5 55y 5 05188 Llejls sl
@ 5188 g 0 Shy Glagiuww b (oS 5 ol g cpl Jdos
b el sl (lojls wiussr (p caslio g 5 duglie djoe &9
ale |y il o )l 55k 5ok b Tl )3l sl (loj)
>hb 3 1 (o )b) 0dgr pdis ojls 2 &S S5 o ST s g 035

ol ok Ll

Bojle (>15b 5 el eg5lsdute Y
Colioo cdalllan 3550 Sl (sloj)) 3, 8oe (2b))] yslaie &
slaojle xS )3 0b5)) 090 e 9 835 (2Ll Sl dlejpe
SISk g gl M b akl YV (o0Vg pladle jler il bl
ojls S pgd Jao g 2,5h i b ol S Jgl Jae il o Al
St <S5 b ojle o pgw Jao il SIS pias |
o3ls ol 4iib N sl e ojles lis)) ) 4, S1Sm 5 4,5 (clojlus
L5158 s I ol YL aBb V8 5 0 5L e <l
aab V& 0 oS Cgld pl b cnl pow Jao b ailiie pyles Jie (il 0
015 03 )8 4 2 5L s Y 42 V2 1 5 0 51588 i
Sk agly g dib cula slagile sl 5Ly slapiane ol
gy g 4ib )k ladsile b 22,5150 (slapiums 5 )5 F5/01

Al e 423 Ve (g lad



YEYE B YEVY docio VF) Jlo A 0,loud OF 095 ¢S ool (ol pos susi 4y

STYV g4 51 g0Vs2 lan Olaswin .Y Joia

Table 1. Specifications of ST37 steel materials

a>lg Hlade olyl
kgf/m? YAD - (Wy) o> 9=lg (439
kgf/cm? Yx\o (Es) dsmmaswy! Jaoo
: Y (0) rpeoly o
1/°C deee oy () oo blucsl s i
kgf/cm? YE-. (Fy) oY 98 puduud cenglit
kgf/cm? Yy . (F,) o¥¢d ol coglio

ool owain Olaseie Y Jooa

Table 2. Geometric Specifications of structures

sladie oleasbe glaiyl g (B byl
vr (m) ™ e
vF o Job
Y/fPf (m) wlib gl )l
Yy Wlilb oluxs
VY IAD (m) slasle J5 el
4 (m) &5 ailas Job
Y. (m) fbw Cwles

ool 00 48,5 jla3 > Celw pojte Voo Db Cue o 50 plp 0y 5135
RSSO g Ver cuiy wojle Jloz o slp o5 g 03,0 )b jlade
b b8 Has > @ye yie
ogls loj adgl JuS (Ahb cund g I plizebl jslaie 4
0l (s (Sl SlSe o JymS dmojle pdomy ol S
Mz 59y 3 ol Slib (luly (aSlE oy g ojle (S5STly S8

A5 plosl gl ol 53 addllas 390 diges

ETABS 13310 5 j1 05\l i  Suolisd oo gl -Y"

idley 5l osel cand 4 s Seolos oo s iso ol o
Wl odb 4313 rojlo o zulS dwslie 4 9 Lo ETABS

4wl bl p ETABS )5 63¥6 (cojlo sliael o)L —F

cillae a8 Wb o [V ] ( AISCYSe =Ve) Yoy Jlo p3 15 el 5V g8
S T OYAY Liolpe) pleasbo o @lyyie wad come b1 p5Y

sl [YYT(OYRY Galg) gledlo (Jo @y pip cona 51 -0

ol 04 0oLl Hlaidle i lin! 5L )90 lalgs

ohb als,s -y -y
yge 4 laojle i g o)l Caz 93 2 ) lapletle o
o) L g5l ojl Jomo S 05 48,5 55 5 o 51,81
05 )b S Hlie doyd g lawgie ojle Cueal b (LS s s L
A5 ol gl o @lyie pid Eone ilhs AV A5

5 00,510 i 93 o L8y o b ol pldl s Bollao WA 43S

ag



Table 3. Basic period of the first mode of structures
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Table 4. The amount of target displacement of the studied structures directly (using 360 publication)
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Fig. 10. Comparison of the capacity curve of the studied structures

800 - 759.45 671.60
700 4 //
g ggg y / 462.26
E 200 - / 348.65 v
2 300 A / M
§ 200 + / |:|:|
108 T ) it
Model A: Model B: Model C: Dia- Model D: Hexa-
Diagrid Hexagrid Hexa-Comb Dia-Comb
|KE (KN/mm) 759.45 348.65 462.26 671.60

X )90 dlﬁbb)bw 4.9)9‘ &w\\ JS..»

Fig. 11. Initial stiffness of the studied structures

s cpieS by S1iSe ojle picred bl o b b ple 4
T Bl o ojle plo 4y Cond (65508 B gy cud )b s
Asb o 1,580 50,51 cla s (St wlin D 3 C sla s

Ui VY S 50 baojl 1 S5 ym (sl ol Cwd 4 (il canglio
u»th;bﬂbwﬁwb):]):b)uu»bw$uaw]b,\wb)b

22 oplplo ABb e 4 oo LSt Siodly Juato (gl a5 oS 4l

ol B £ ¥
sokailod .aol odd edly s VY S 0 laJde adgl isww polde
ojlo g (B oy i shd (A Jse) 1,515 o5l 395 o alanMe &S
Je (B g b (Sl B S b (B i) 15155
I g b Ve S0 50 el i C Jse B 4 cans D
auwglio 5l sb o ojle o (S oximd L laojle cud b ove
ojl & €8 am lgiee 5 aojlo sl bey (omie I Se

Cns 'OT W cw‘w&wwd‘)buiw)b Sovs 4\5.\;;1:3

YEYA



1.40
1.20

1.00 y
" 0.80 %
e 0.60 /

0| 7

0.00 :
L Model B: Model C: Dia- Model D: Hexa-
Model A: Diagrid Hexagrid Hexa-Comb Dia-Comb
ERs 1.05 1.20 1.24 1
Ratio to the Hexagrid 0.88 1.00 1.03 0.83
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Table 5. Comparison of the amount of energy absorbed by the studied structures
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