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GIRIS | Su Alt1 Patlamalan

Gorsel yapay zeka ile olusturulmustur!

SOK DALGASININ
YAYILIMI -

AKISKAN-YAPI
ETKILESIMI

acisindan kritik oneme sahiptir.

Ny,
t2:DynaTeam

Yuksek Genlikli Basing Dalgalari

Patlama enerjisinin su ortamina ani aktarimi sonucunda
¢cok kisa surede yuksek basinglar olugur.

Sok Dalgasinin Yayilimi

Olusan yuksek basingli dalga, akiskan ortam igerisinde
radyal olarak ilerler.

Akigskan-Yapi Etkilesimi

Sok dalgasi yapi yuzeyine ulastiginda yansima ve yuk
aktarma mekanizmalari ile yapi Uzerinde ciddi
yuklemelere neden olur.

Su alti patlamalarinin dogru modellenmesi, yapilarin patlama yukleri altindaki davranisinin guvenilir bigimde éngoérilebilmesi
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GIRIS | Calismanin Motivasyonu t‘:EDynaTeam

01 02 03

Deneysel Calismalar » Sayisal Modelleme » Yontem Sec¢imi
» Yuksek maliyet » Kontrolli analiz ortami » Dogruluk
» Guvenlik riskleri » Sok dalgasinin zamana » Sayisal Kararlilik
. bagh takibi o
» Olgum zorluklar » Hesaplama Maliyeti
» Akigkan-yapi etkilegsiminin
incelenmesi ALE < SPH

AMAC: Ayni baslangic ve sinir kosullan altinda ALE ve SPH yontemlerinin su alti patlamalarinin modellenmesindeki
performanslarinin karsilastiriimasi.
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YONTEMLER | ALE ve SPH Yaklasimlar: 1=

EEE DynaTe dm
Arbitrary Lagrangian—Eulerian Smoothed Particle Hydrodynamics
® 6 06 06 06 0 O
o o o o
Mesh ve malzeme Komsu parcaciklar
‘ hareketi ayristinlabilir ¢ e ¢ o ‘ kernel ile etkilesir
o o o o
» Mesh tabanli hibrit yaklagim » Mesh-free / parcacik tabanli yaklagim
» Mesh hareketi malzeme hareketinden bagimsiz » Fiziksel buyuklukler komsu parcaciklar tzerinden
tanimlanabilir hesaplanir
» Bulyuk deformasyonlarda mesh bozulmasini azaltir » Blulyuk deformasyon ve serbest ylzeylerde avantajhidir
» Sok dalgasi yayiliminin modellenmesine uygundur » Mesh bozulmasi problemi icermez /
Sinirlamalar Sinirlamalar ‘
ince mesh gereksinimi « Adveksiyon kaynakli sayisal yayiima Parcacik araligina duyarlilik < Sinir kosullari < Hesaplama maliyeti
[ TEMEL FARK: ALE: Mesh Tabanli < SPH: Pargacik Tabanl ]
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SAYISAL MODELLEME | Genel Model Tanimi 1o
sasDynaleam

Wang et al. (2020)

“Blast-induced damage and evaluation method of concrete gravity dam subjected to near-field underwater explosion”

Referans Calisma Referans Calismanin Bu Bildirideki Rolu

Engineering Structures 200 (3020) 109996

Contents lists available at ScienceDirect

ALE MODELININ OLUSTURULMASI
EH" B Referans ALE modeli esas alindi

Engineering Structures

ELSEVIER journal homepage: www.elsevier.com/locate/engstruct

i i . Geometri, yukleme yaklasimi ve beton malzeme tanimlari
Blast-induced damage and evaluation method of concrete gravity dam m
subjected to near-field underwater explosion =4

" a,k a,b a,b, n sa b . a,b . IS
Xiao-hua Wang™", She-rong Zhang™", Chao Wang™ "', Wei Cui™", Ke-lei Cao™", Xin Fang
A State Key Laboratory af Hydreulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China
* Schoul of Civil Engineering, Tianjin Undversity, Tianfin 300072, Ching
© Department of Building and Real Estate, Hang Kong Polytechnic University, Kowloan, Hamg Kang, Ching

ARTICLE INFO ABSTRACT

Bomb attacks from terrorists have become potential risks to important infrastructures, most of which were built
without considering their vulnerability to such events. This paper foruses on the blastinduced damage to
conerete gravity dams subjeeted to near-field underwater explosions. Different from direct damage mode ana-
lysis, a novel vibration-based damage evaluation method is proposed to illustrate the damage state of a dam after
an explasion. Ta this end, & three-dimensional fluid-salid coupling numesical model in LS-DYNA is proposed for
simulating the shack wave propagation and its intessetion with dam structuses, in which the explosive, air, and

water are meshed by an arbitrary Lagrangian-Eulerian (ALE) formulation, while the dam and its foundation are
‘meshed by the Lagrange formulation. Then, the structural responses and damage characteristics of the dam are @

SPH MODELIi VE KARSILASTIRMA

investigated under various explosion scenarios considering changes in explosive charge, standoff distance and
detonation depth. On this basie, the optimized vibration eharacteristics, including peak velocity summation
(PVS) and mean frequency (MF), are adepted to evaluate the vulnerability of concrete gravity dams subjected to
underwater explosions, which is better than the traditional damage evaluation method based solely on the peak
particle velocity (BPY). The PVS-MF spectrum exiterion proposed in this study is feasible to evaluate the damage
state of conerete gravity dams after underwater explosions, end the results can be used in the blast resistance
design of similer hydraulie engineering.

Ayni fiziksel problem SPH ile kuruldu

ALE < SPH « Sok yayilimi < Basing « C6zUm davranisi

Yakin alan su alti patlamasina maruz kalan baraj. /

Referans galigma — ALE modelinin kurulmasi — Ayni modelin SPH ile olusturulmasi — Yoéntemlerin karsilastiriimasi
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SAYISAL MODELLEME | Genel Model Tanimi 1o
sasDynaleam

Toplam Patlayici Kiitlesi

500 kg TNT

J|sm

Modelleme Yaklagimi

Y2 Simetri

115m

Sayisal Modelde TNT

250 kg

Kullanilan Yazilim

LS-DYNA

| 20m |

20m

50m 102 m

Ortak geometrik model « Akiskan ortam < Patlayici yik * Beton baraj « Temel

ORTAK MODEL: ALE ve SPH analizlerinde ayni geometri, baglangi¢ kosullari ve sinir sartlari kullaniimistir.
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SAYISAL MODELLEME | Genel Model Tanimi AL
=esDynaleam

T

Lo

Orijinin model Gzerindeki konumu. Modele uygulanan simetri kosulunun 2 boyutlu gésterimi.

[ SIMETRI KOSULU: Orijin noktasi ve analizde kullanilan simetri diizlemi gésterilmektedir. ]
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. . ne,
SAYISAL MODELLEME | Malzeme Modelleri ve Durum Denklemleri 3T DynaTeam

' 4 \ ' 4 /

TN ' “ ' HAVA

*MAT_HIGH_EXPLOSIVE_BURN *MAT_NULL *MAT_NULL

EOS_JWL EOS_GRUNEISEN EOS_LINEAR_POLYNOMIAL

Detonasyon urlnlerinin basinci; hacim degisimi ve i¢ enerjiye Sikistinlabilir akiskan yaklasimi. Sok yukleri altinda basing— ideal gaz yaklasimi altinda diisiik yogunluklu ve sikistirilabilir
bagh olarak tanimlanir. yogunluk—eneriji iliskisini temsil eder. hava ortamini temsil eder.

/ /
4 4 /
4 4
y \ y \

{ - (=3 |

*MAT_CSCM_CONCRETE *MAT_JOHNSON_HOLMQUIST_CONCRETE
Continuous Surface Cap (CSC) Holmquist-Johnson-Cook (HJC)
Betonun ezilme, catlama ve hasar gelisimi. Kaya malzemenin ylksek basing ve darbe altindaki dinamik davraniginin

modellenmesi.

\ f'c =20 MPa - agrega =80 mm « p =2320 kg/m? / \ /

[ MODELLEME YAKLASIMI: Akiskan ve patlayici bolgelerde durum denklemleri, kati bolgelerde gelismis malzeme modelleri kullaniimistir. ]
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SAYISAL MODELLEME | ALE Yontemi vy,

AT

mEE DynaTea m

AKISKAN ORTAM
Eulerian ag (~ 560 Bin)

Su, Hava ve TNT sabit eleman agi Gizerinde tanimlandi.

y

KATILAR
Lagrangian ag (~ 510 Bin)

Baraj ve Bedrock Lagrangian elemanlarla modellenmistir.

PATLAYICI TANIMI
*INITIAL_VOLUME_FRACTION_GEOMETRY

Kiresel hacim ¢ r, =0.418 m

KONUM
(7.0, 80.0, 3.75) m
Patlayici merkez koordinatlari

SIMETRI
2 model * 250 kg TNT

z = 3.75 m simetri dlizlemi

Patlayici gevresinde yogunlastirilmis mesh — uzak bolgelerde kademeli seyrelme

[ ALE MODELI: Sok dalgasini gézebilmek igin patlayici gevresinde yiiksek mesh ¢oziiniirliigii kullanilmistir. ]
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SAYISAL MODELLEME | SPH Yontemi vy,

AT

mEE DynaTea m

AKISKAN ORTAM
SPH parcaciklan (~ 820 Bin)

Su ve TNT parcacik tabanh olarak modellendi.

PARGACIK ARALIGI
0.4m

Tum akiskan ortamda sabit ve homojen dagihm

e —

SPH FORMULASYONU
FORM = 6

Fluid particle with renormalization approximation

ETKILESIM YARICAPI
CLSH =1.15

Hava ortami ayrica modellenmedi * Serbest yiizey SPH ile dogal olarak temsil edildi Parcaciklar arasi etkilesim mesafesini belirler

SPH MODELI: Sabit 0.4 m pargacik araligi ile akiskan ortamda homojen ¢éziiniirliik saglanmstir.
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SONUCLAR VE KARSILASTIRMA | Sok Dalgasinin Zamana Bagli Yayilimi ',::
mEE DynaTe dm

5ms ¢ 15ms * 20ms ¢ 30 ms 5ms ¢ 15ms ¢« 20ms * 30 ms

[ ORTAK DAVRANIS: Her iki yontemde sok dalgasi kuresel olarak yayilmakta ve zamanla genligi azalmaktadir. ]
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SONUCLAR VE KARSILASTIRMA | ALE-SPH Dalga Cephesi Karsilastirmasi ',::
mEE DynaTe dm

ALE SPH

GOZLEM

ALE ¢6ziminde sok cephesi daha dizgun ve
simetrik.

SPH ¢6ziiminde patlama gevresinde lokal
parcacik duzensizlikleri gorultyor.

ALE SPH GOZLEM

ALE dalga cephesinin keskinligini ve surekliligini
koruyor.

SPH'de dalga cephesi daha yayilmis, daginik ve
gurdltalt hale geliyor.

TEMEL BULGU: ALE, sok dalgasi cephesini SPH’ ye kiyasla daha keskin ve kararl bicimde yakalamaktadir.
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