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Top and Seat angles web angle
Specimen
number

Bolt
diameter

(mm)

Column
section

Beam
section angle length

(mm)
Gauge
(mm)

Bolt
spacing
(p)(mm)

angle Length
(mm)

8S1 19.1 W12X58 W8X21 L6X3-1/2X5/16 152.4 50.8 88.9 2L4X3-1/2X1/4 139.7

8S2 19.1 W12X58 W8X21 L6X3-1/2X3/8 152.4 50.8 88.9 2L4X3-1/2X1/4 139.7

8S3 19.1 W12X58 W8X21 L6X3-1/2X5/16 203.2 50.8 88.9 2L4X3-1/2X1/4 139.7

8S4 19.1 W12X58 W8X21 L6X6X3/8 152.4 137.2 88.9 2L4X3-1/2X1/4 139.7

8S5 19.1 W12X58 W8X21 L6X4X3/8 203.2 63.5 88.9 2L4X3-1/2X1/4 139.7

8S6 19.1 W12X58 W8X21 L6X4X5/16 152.4 63.5 88.9 2L4X3-1/2X1/4 139.7

8S7 19.1 W12X58 W8X21 L6X4X3/8 152.4 63.5 88.9 2L4X3-1/2X1/4 139.7

8S8 22.3 W12X58 W8X21 L6X3-1/2X5/16 152.4 50.8 88.9 2L4X3-1/2X1/4 139.7

8S9 22.3 W12X58 W8X21 L6X3-1/2X3/16 152.4 50.8 88.9 2L4X3-1/2X1/4 139.7

8S10 22.3 W12X58 W8X21 L6X3-1/2X1/2 152.4 50.8 88.9 2L4X3-1/2X1/4 139.7

14S1 19.1 W12X96 W14X38 L6X4X3/8 20.32 6.35 13.97 2L4X3-1/2X1/4 215.9

14S2 19.1 W12X96 W14X38 L6X4X1/2 20.32 6.35 13.97 2L4X3-1/2X1/4 215.9

14S3 19.1 W12X96 W14X38 L6X4X3/8 20.32 6.35 13.97 2L4X3-1/2X1/4 139.7

14S4 19.1 W12X96 W14X38 L6X4X3/8 20.32 6.35 13.97 2L4X3-1/2X3/8 215.9

14S5 22.3 W12X96 W14X38 L6X4X3/8 20.32 6.35 13.97 2L4X3-1/2X1/4 215.9

14S6 22.3 W12X96 W14X38 L6X4X1/2 20.32 6.35 13.97 2L4X3-1/2X1/4 215.9

14S8 22.3 W12X96 W14X38 L6X4X5/8 20.32 6.35 13.97 2L4X3-1/2X1/4 215.9
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Component DIF for Fy DIF for Fu

Beam 1.29 1.1

Column 1.1 1.05

Angle 1.29 1.1

Bolt 1.1 1.05
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(nonlinear constitutive laws for materials)
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Xm

Xm

Shock Pressure Gas Pressure
Case NO Sidewalls case Member Peak Pressure

(Mpa)
Time
(msec)

Peak Pressure
(Mpa)

Time
(msec)

Sidewalls 1.07 1.81 0.19 29.95
1 Two failed

Floor 0.2 7.19 0.19 31.08

Sidewalls 1.07 2.23 0.19 43.5
2

One sidewall failed
another sidewall

reflects Floor 0.2 9.06 0.19 44.52

Sidewalls 1.07 2.65 0.19 5864.63
3 Two sidewalls reflect

Floor 0.2 11.17 0.19 5866.79

Connection Detail Member Max Deflection. Xm (mm) Rotation, , (deg) Rotational Limit (deg)

Beam 47.1 0.95 2
8S5

Column 90.84 1.65 2
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Response quantity of beam Peak numerical value

Displacement (mm) 357.25
Global

Rotation ( deg) 10.31

Displacement (mm) 255.17
Vertical

Local
Rotation ( deg) 28.19

Displacement (mm) 302.75
Global

Rotation ( deg) 8.81

Displacement (mm) 198.47
Horizontal

Local
Rotation ( deg) 26.45



Component Stress concentration region Maximum stress
(Mpa)

Dynamic yield
stress ( Mpa) Comment

Beam near seat angle 336.9 352.3 Near local
yielding

Column Upper and lower connection point 138.9 424.7 .

top angle crossing of the legs 318.7 352.3 Near failure

seat angle crossing of the legs 325.46 352.3 Near failure

web angle crossing of the legs 323.5 352.3 Near failure

Bolts
(Web angle) Bolt shank 723.8 721.9 failure

Bolts
(Seat angle) Bolt shank 759.15 721.9 failure

8s5



TM5-1300

TM5-1300

TM5-1300

TM5-1300

UFC[30]

TM5-1300

1. Kishi N, Chen WF., Moment-rotation relations of
semirigid connections with angles. Journal of
Structural Engineering, 116(7):1813 34, (1987).

2. Engelhardt MD, Sabol TA., Testing of welded steel
moment connections in response to the Northridge
earthquake. In: Progress report to the AISC
Advisory Subcommittee on Special Moment
Resisting Frames Research, Northridge Steel
Update I, American Institute of Steel Construction,
Chicago, IL.; also see: Engelhardt MD, Sabol TA,
Aboutaha RS, Frank KH. Development of interim
recommendations for improved welded moment
connections in response to the Northridge
earthquake, In: Proceedings of the third
international workshop on connections in steel
structures: behavior, strength and design. Trento,
Italy: University of Trento, p. 381 90, (1995).

3. Tamboli AR. Handbook of structural steel
connection design and details, McGraw-Hill
Companies, Inc, (1999).

4. Faella C, Piluso V, Rizzano G. Structural steel
semi-rigid connections theory, design and
software, CRC Press, (2000).

5. Al-Jabri KS, Seibi A, Karrech A. Modelling of un-
stiffened flush endplate Bolted connections in fire.
Journal of Constructional Steel Research, 62:151 9,
(2006).

6. Lou G-B, Li G-Q. Non-linear finite element
modelling of behaviour of extended end-plate
bolted moment connections in fire. In: Proceedings
of the fourth international workshop on structures in



fire, Aveiro, Portugal, p. 327 43, (2006).
7. Amir Saedi Daryan, M. Yahyai, Behavior of bolted

top-seat angle connections in fire, Journal of
Constructional Steel Research 65, 531 541, (2009).

8. Amir Saedi Daryan, M. Yahyai Behavior of welded
top-seat angle connections exposed to fire. Fire
Safety Journal 44, 603 611, (2009).

9. Amir Saedi Daryan, M. Yahyai Modeling of bolted
angle connections in fire. Fire Safety Journal 44,
976 988, (2009).

10. Amir Saedi Daryan, Hesam Bahrampoor Behavior
of Khorjini connections in fire.Fire Safety Journal
44, 659 664, (2009).

11. Popov EP., Seismic moment connections for
moment-resisting steel frames. Report No.,
UCB/EERC-83/02, Earthquake Engineering
Research Center, Berkeley, CA., (1983).

12. Caldwell T. Bomb blast damage to a concrete-
framed office building Ceylinco House Columbo,
Sri Lanka., Proceedings of Structures Congress,
New Orleans, LA, (1999).

13. Krauthammer T. Structural concrete and steel
connections for blast resistant design. Int J Impact
Eng, 22(9 10):887 910, (1999).

14. Krauthammer T, Oh GJ., Blast resistant structural
concrete and steel connections, International
Journal of Impact Engineering, 22: 887 910,
(1999).

15. Hyun Chang Yim, Theodore Krauthammer, Load
impulse characterization for steel connection,
International Journal of Impact Engineering 36,
737 745, (2009).

16. Tapan Sabuwala, Daniel Linzell*, Theodor
Krauthammer, Finite element analysis of steel beam
to column connections subjected to blast loads,
International Journal of Impact Engineering 31,
861 876, (2005).

17. Azizinamini, -rigid
steel beam to column connections.
University of South Carolina, Columbia, (1982).

18. AISC. Manual of steel construction Load and
resistance factor design. Chicago (IL): American
Institute of Steel Construction; (1995).

19. Kishi N, Ahmed A, Yabuki N. Nonlinear finite
element analyses of top and seat-angle with double
web-angle connections. Journal of Structural
Engineering and Mechanics, 12:201 14, (2001).

20. Ahmed, Kishi N, Matsuoka K, Komuro M.
Nonlinear analysis on prying of top- and seat-angle
connections. Journal of Applied Mechanics, 227-36,
(2001).

21. Danesh F, Pirmoz A, Saedi Daryan A, Effect of
shear force on the initial stiffness of top and seat
angle connections with double web angles Journal
of Constructional Steel Research, 63: 1208-1218,
(2007).

22. Pirmoz A, Saedi Daryan A, Mazaheri A, Ebrahim
Darbandi H,
subjected to combined shear force and moment
Journal of Constructional Steel Research, 64: 436
446, (2008).

23. Pirmoz A, Seyed Khoei A, Mohammadrezapour E,
Saedi Daryan A rotation behavior of
bolted top seat angle connections
Journal of Constructional Steel Research

24. Citipitioglu AM, Haj-Ali RM, White DW. Refined
3D finite element Modeling of partially restrained
connections including slip. Journal of
Constructional Steel Research, 8:995 1013, (2002).

25. Akbas Bulent, Shen Jay., Seismic behavior of steel
buildings with combined rigid and semi-rigid
frames. Turkish Journal of Engineering and
Environmental Sciences, 27:253 64, (2003).

26. Department of the Army Structures to resist the
effects of accidental explosions, TM5-1300. (1990).

27. Wager P, Connett J. SHOCK User
Engineering Lab, Port Hueneme, CA., (1989).

28. Wager P, Connett J. FRANG User
Engineering Lab, Port Hueneme, CA., (1989).

29. Krauthammer T, Cipolla J, building blast simulation
and progressive collapse analysis. NAFEMS, World
Congress, (2007).

30. Structures to resist the effect of accidental
explosions, Unified facilities (UFC), (2008).



Passive Defense Quarterly, Vol. 1, No. 2, Spring 2010 2

The Study of the Behavior of Top and Seat Bolted Angle

Connections Under Blast Loads

Amir Saedi Daryan1

Masoud Ziaei1

Sayyed Amireddin Sadrnezhad2

Mohammad Reza Bashiri3

Abnormal loads induced by blast or impact results in local damages in structures and these local

damages may propagate and affect whole structural system. Therefore, structures should be

designed in a way that progressive collapse is prevented. Connections have important effect on

ductility and strength of structural systems and preventing progressive collapse. Consequently, the

behavior of bolted angle connection under blast load is studied in this paper using finite element

method. In this study, top and seat bolted angle connection with web angles is investigated using

ANSYS finite element software. The models are verified comparing the analysis results with those

of experimental tests. The verified models are then exposed to blast load and their behavior is

evaluated. Critical areas are determined in the connection and failure modes and applicability of

mentioned connections against blast loading is investigated.

Key Words: Bolted Angle Connection, Blast Load, Finite Element Analysis
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