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Descripcion

Fecha

Cdédigo

Material

Acero

Hormigoén

CUBIERTAIGAC

14/04/2025
AISC/ACI

A572 Gr.50
4500 psi, 3000 psi
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Proyecto:
Proyecto n°:
Autor:

CUBIERTA IGAC

item del proyecto CON17

Diseno
Nombre
Descripcién
Analisis
Normativa de calculo

Elementos

Geometria

Seccion

Nombre
transversal

3-
RHS100x100

COL
Apoyos y fuerzas

Nombre

COL / final

CON17

Tension, deformacion/ Cargas en equilibrio

AISC - LRFD (2022)

B- Y-
Direccion Inclinacion
[°] []
0.0 90.0
Apoyo

a-

Desplazamiento

Rotacion

(]

0.0

Nodo

ex
[mm]

Fuerzas en

Desplazamiento

ey
[mm]
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Desplazamiento
ez
[mm]

[mm]
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Proyecto:
Proyecto n°:

Autor: Calculate yesterday's estimates

N
—=
Secciones
Nombre Material
3 - RHS100x100 A572 Gr.50
Secciones
Nombre Material Dibujo
z
S,
S| o y
3 - RHS100x100 A572 Gr.50 =
2
100
A A
Anclajes
. . Diametro fy Area bruta
Nombre Conjunto de tornillo [mm] [MPa] [mm?]
5/8 A325 5/8 A325 16 827.4 198
Cargas (Fuerzas en equilibrio)
N Vy Vz Mx My Mz
TR LI [kN] [kN] [kN] [kNm] [kNm] [kNm]
-76.6 -5.6 6.5 0.0 0.0 0.0

LE1 COL / Finalizar
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Proyecto:
Proyecto n°:
Autor:

CUBIERTA IGAC

Fuerzas Desbalanceadas

Nombre

LE1

X Y
[kN] [kN]

-6.5 -5.6

Bloque de la cimentaciéon

CcB1
Dimensiones
Profundidad
Anclaje

Longitud del anclaje

item

Transferencia de la fuerza cortante

Resumen

Nombre
Andlisis
Placas
Deformacion loc.
Anclajes
Soldaduras
Bloque de hormigoén

Pandeo

Placas

Nombre

COL
BP1
RIB1a
RIB1b
RIB2a
RIB2b
RIB3a
RIB3b
RIB4a
RIB4b

Datos de diseino

Material

A572 Gr.50

Valor
100.0%
0.0 <5.0%
0.0<3%
117.7 > 100%
25.1 <100%
13.7 < 100%

No calculado

[m’r)n] Cargas

40 LE1
12.7 LE1
4.0 LE1
40 LE1
40 LE1
40 LE1
40 LE1
40 LE1
40 LE1
40 LE1

[kN]
-76.6

OK
OK
OK
No OK!
OK
OK

OEd
[MPa]

103.4
24.6
63.3
53.2
51.8
63.5
45.3
55.2
56.5
451

y
[MPa]

Mx My
[kNm] [kNm]

0.0

Valor

250 x 250
1200

5/8 A325
200

Anclajes

StatiCa“

Calculate yesterday's estimate.

0.0

mm

mm

mm

Estado de la verificacion

€p O¢,Ed
[%] [MPa]

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

344.7

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

&lim

[%]

Mz
[kNm]

0.0

Unidad

Estado

5.0
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Autor:

Explicacion del simbolo

to Espesor de placa

Ogq Tensién equivalente

£p| Deformacion plastica

O¢,Ed Tensiones de Contacto

Fy Limite elastico

€lim Limite de la deformacion plastica

Resultado detallado para COL
Design values used in the analysis

¢F, = 3103 MPa

Donde:
Fy = 344.7 MPa - characteristic yield strength
¢ = 0.90 — resistance factor for steel material AISC 360-22 — B3.1

Deformacion loc.

do o) Slim 6/dg T A
Nombre Tl Cargas [mm] ] (%] Estado de la verificacion
CoL 100 LE1 0 3 0.0 OK

Explicacion del simbolo

dg Tamario de la seccion
o Deformacion local de la seccion
Sjim Deformacion permitida
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Autor:

F4

&

Verificacion general, LE1

Iy

&

Verificacion de deformacion, LE1

0.00

[%]
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150%

100%

(5.00)
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Autor:

76,6 [MPa]

0.3
300

275
250
225
200
175
150
125
100

75

50

25

e

Tensién equivalente, LE1

0.0

Anclajes
a N¢ Vv d)Vcbg ¢ch Ut Utg Ut
Forma Item Cargas kN]  [KN] [KN] [KN] (%] (%] (%] Detallado Estado
-E _}1 A1 LE1 0.0 21 6.4 305 0.0 1103 117.7 Aceptar No OK!
A2 LEA1 0.0 2.2 6.4 305 0.0 110.3 117.7 Aceptar No OK!
# —ﬁ A3 LE1 0.0 21 - 305 0.0 28.2 12.1  Aceptar OK
A4 LE1 0.0 2.1 6.7 305 0.0 96.7 94.6 Aceptar OK
Datos de disefio
A ¢Nsa ¢vsa
Calidad [KN] [KN]
5/8 A325 - 1 84.4 47.0

Explicacion del simbolo

N¢ Fuerza de traccion

\% Resultante de fuerzas cortantes en pernos Vy y Vz en planos de cortantes

(I)Vcbg Resistencia al arrancamiento del cono de hormigén a cortante de acuerdo con —ACI 318-14 — 17.5.2

¢ch Resistencia al desprendimiento del hormigén por cabeceo del anclaje a cortante de acuerdo con — ACI 318-14 — 17.5.3
Ut Utilizacién a traccion

Utg Utilizacién a cortante

Utis Utilizacién a tensién y cortante

®Ns, Resistencia del anclaje en traccion - ACI 318-14 — 17.4.1

dVs; Resistencia del anclaje a cortante - ACI 318-14 — 17.5.1
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Autor:

Resultado detallado para A1
Resistencia a traccion del anclaje (ACI 318-14 — 17.4.1)

Ny =¢-Age N - futa = 844 kN =2 Nf= 00 kN

Donde:
¢ =0.70 — factor de resistencia
Age N = 146 mm? - Area a traccion

fute = 827.4MPa  — resistencia Ultima espeficifica para el acero del tornillo

o fute = min(860 MPa, 1.9 - f ., fu) ,donde:
o fya = 634.3 MPa - limite elastico esfecificado del acero del anclaje
o fu, = 827.4 MPa — resistencia ultima espeficifica para el acero del anclaje

Resistencia a cortante (ACI 318-14 — 17.5.1)
WVea=¢-0.6-Asev - futa = 47.0 kN 2 V= 21 kN

Donde:
¢ = 0.65 — factor de resistencia
Agev =146 mm? - Area a traccion

futa = 827.4 MPa - resistencia Ultima espeficifica para el acero del tornillo

o fute = min(860 MPa, 1.9 - fy,, f.) ,donde:
) fya = 634.3 MPa - limite elastico esfecificado del acero del anclaje
o f, = 827.4 MPa — resistencia ultima espeficifica para el acero del anclaje

at

tiCa®
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Autor:

Verificacion de la resistencia al arrancamiento del hormigén (ACI 318-14 — 17.5.2)

La comprobacion se realiza para el grupo de anclajes que forman el cono de rotura de cortante comun: A1, A2

¢‘/;bg

Donde:

=¢- fg;) : \I’ec,V : \I’ed,V : ‘IIC,V : \I’h,V : \Pa,V -Vir= 64 KN < V,= 71 kN
Vg =7.1kN — suma de los cortantes de los anclajes sobre una misma placa base
¢ =0.65 — factor de resistencia

Ay. = 22500 mm?2 - area proyectada de agotamiento del hormigén o grupo de anclajes

Ayeco = 16200 mm2 — area proyectada de agotamiento del hormigén de un anclaje cuando no esta limitado por
influencia de la esquina, espaciado o espesor del elemento

Wy = 1.00 — factor modificador para anclajes cargados excéntricamente a cortante
« U =—1 donde:
ec,V — 2_6’1 ) .
Jr3»cu1

o e’V = 0 mm - excentricidad del esfuerzo cortante
o cq1 = 60 mm — distancia al borde en la direccion de la carga
= g1 = 60 mm - distancia al borde en la direccién de la carga

V.4 = 0.90 - factor modificador para el efecto de grupo

o Uy =0.7+0.3- Lg‘fial <1 , donde:

o ¢,1 = 60 mm — distancia al borde en la direccién de la carga
= cg1 = 60 mm - distancia al borde en la direccién de la carga
o Cgz2 = 60 mm — distancia al borde en la direccion perpendicular a la carga

\IIC’V = 1.00 - factor modificador para las condiciones del hormigon

W) = 1.00 - factor modificador para los anclajes localizados en un elemento de hormigon poco profundo:

o Uy = \/%ﬂ > 1 , donde:

o h, = 1200 mm — espesor del elemento en el que se ancla un anclaje medido paralelamente al eje del
anclaje

\I’ay = 1.06 - factor modificador para anclajes cargados bajo un angulo con el borde del hormgion

_ 1 .
o \Ila,V - \/(cos av)?+(0.5-sinay)? donde:
o ay = 23.3 °—angulo entre la direccion del cortante y la direccion perpendicular al borde del hormigon

Vp, = 7.4 kKN - resistencia basica a arrancamiento de un solo anclaje a cortante:

e V4, = min(0.6 - (é?)m oAy AfL 3.7 Na - /fL - i) |, donde:
o l, = 127 mm — effectiveLen
o d, = 16 mm — didmetro del anclaje
o A, = 1.00 - factor de modificacion para hormigones ligeros
o fc’ = 20.7 MPa - resistencia a compresion del hormigon
o €41 = 60 mm — distancia al borde en la direccién de la carga
= C,1 = 60 mm — distancia al borde en la direccién de la carga
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Proyecto n°: / StatiCa“®
Aut Calculate yesterday's estimates
utor:

Resistencia al arrancamiento en cufa del hormigoén (pryout) (ACI 318-14 — 17.5.3)

La comprobacion se realiza para el grupo de anclajes en la placa base comun
A% :¢'kcp'Nc = 305 kN =2 V;]: 8.6 kN
Donde:

¢ = 0.65 — factor de resistencia

kcp =1.00 — factor de arrancamiento por cortante en cufa del hormigdn (pry-out)
Ncp = 46.9 kN - resistencia a arrancamiento del cono de hormigén en caso de todos los anclajes en traccion

Vy =8.6kN — suma de los cortantes de los anclajes sobre una misma placa base

Interaccion traccién-cortante (ACI 318-14 — R17.6)

UL+ U2 = 148 > 10

Donde:

Uy = 0.00 —maxima ratio entre fuerza de traccion factorizada y resistencia a traccion determinada a partir de todos los
modos de fallo relevantes

U;s = 1.10 — maxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a partir de todos los
modos de fallo relevantes
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Proyecto:

Proyecto n°:

Autor:
Soldaduras

item Borde
BP1 RIB1a
COL-w 1 RIB1a
BP1 RIB1b
COL-w 1 RIB1b
BP1 RIB2a
COL-w2 RIB2a
BP1 RIB2b
COL-w2 RIB2b
BP1 RIB3a
COL-w3 RIB3a
BP1 RIB3b
COL-w3 RIB3b
BP1 RIB4a
COL-w4 RIB4a
BP1 RIB4b
COL-w4 RIB4b
BP1 COL

Datos de diseino

E70xx

Material

CUBIERTA IGAC

Xu

E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx
E70xx

tw
[mm]

422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
422N
428N
428\

w
[mm]

432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
432N
440N
440N

L
[mm]

50
49
76
76
49
50
76
76
50
49
76
76
49
50
76
76
50
50
76
76
49
50
76
76
50
49
76
76
50
50
76
76

366

366

Lc
[mm]

A~ B 00 00O 0O 0O O 0O O 0O O 0O O 00 O 00 O 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 o o0

Cargas

LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1
LE1

Fexx

[MPa]

Fn

[kN]
0.5
0.5
1.1
1.1
0.5
0.5
0.9
0.9
0.5
0.5
0.9
0.9
0.5
0.6
1.1
1.1
0.6
0.6
0.8
0.8
0.5
0.6
0.9
0.9
0.6
0.5
0.9
0.9
0.6
0.6
0.8
0.8
0.4
0.4

$Rn
[kN]

5.8
5.2
43
43
5.3
5.8
4.3
4.4
5.8
5.3
4.4
43
5.2
5.8
43
4.3
5.8
5.8
4.5
4.5
5.2
5.8
4.4
4.4
5.8
5.2
4.4
4.4
5.8
5.8
4.5
4.5
3.7
3.8

Ut
[%]

9.5
10.1
24.3
251
10.1

9.1
20.9
20.7

9.2
10.0
201
20.3
10.2

9.6
251
24.3
10.4
10.3
17.0
16.9
10.4
10.8
21.0
20.6
10.7
10.4
211
21.6
10.2
10.3
16.9
17.0
10.5
10.7

StatiCa’

Detallado  Estado
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK
Aceptar OK

482.6
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Explicacion del simbolo

tw Espesor de garganta de soldadura

w Tamafio de la soldadura

L Longitud de la soldadura

Lc Longitud del elemento critico de la soldadura

Fn Fuerza en el elemento critico de la soldadura

oR, Resistencia de la soldadura - AISC 360-22 — J2-4

Ut Utilizacion

Vi Cordén de soldadura

Fexx Ultimate strength as rated by electrode classification number

Resultado detallado para COL-w 2 / RIB2b
Comprobacion de la resistencia de la soldadura (AISC 360-22 — J2-4)

R, =¢ -Fpy-Ape= 43 kN =2 F, = 11 kN

Donde:

F,, = 337.1 MPa - resistencia nominal del material de aportacion:

F,,=06-Fgxx-(1+0.5-sin'59) , donde:
o Frgxx = 482.6 MPa— numero de clasificacion del electrodo, p.e. minima resistencia a traccion
especificada
o O = 28.4° —angulo de actuacion de la carga medido desde el eje de la soldadura

Aye = 17 mm?2 - area eficaz del elemento de soldadura critico

¢ =0.75 — factor de resistencia para conexiones soldadas

Bloque de hormigoén

item Cargas [mAr:12] [mArﬁz] [M(I;a] 4;:;";:',‘;‘"]" [g:] Estado
CB 1 LE1 39032 61472 2.0 14.3 13.7 OK
Explicacion del simbolo
Ay Area cargada
A, Area de soporte
o Tension media en el hormigon
Oy max Resistencia del apoyo de hormigon

Ut Utilizacién

13/20
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Proyecto n°: StatiCa“®
Autor: Calculate yesterday's estimates
Resultado detallado para CB 1
Comprobacion de la resistencia a compresion del bloque de hormigén (AISC 360-22 — J8)
¢cfpmaz = 143 MPa 2 0= 20 MPa
Donde:
fpmm = 22.1 MPa - resistencia de calculo a aplastamiento del bloque de hormigén:
o fpmaz =085 f-\/4 <1.7-f  donde:
o f! = 20.7 MPa - resistencia a compresion del hormigon
o A; = 39032 mm?Z — Area de la placa base en contacto con la superficie de hormigon
o Ay = 61472 mm? — Superficie de apoyo del hormigén
¢. = 0.65 —factor de resistencia para el hormigon
Pandeo
El analisis de pandeo no se ha calculado.
item Valor Unidad Referencia
Coeficiente de friccion - hormigon 0.40 - ACI 349-01 -B.6.1.4
Coeficiente de friccién en la resistencia a deslizamiento 0.30 - AISC 360-22 — J3.9
Deformacién plastica limite 0.05 -
Detallado Si
Distancia entre tornillos [d] 2.66 - AISC 360-22 — J3.4
Distancia entre tornillos y el borde [d] 1.25 - AISC 360-22 — J.3.5
Resistencia al arrancamiento del cono de hormigon Ambos
Resistencia del metal base en la cara de fusion de la soldadura No AISC 360-22 — J2-2

La deformacion en el orificio del perno con la carga de servicio es

una consideracion de disefio Si AISC 360-22 - J3.11
Hormigon fisurado Si ACIl 318-14 — 17
Comprobacion de la deformacion local Si

Deformacion limite local 0.03 - CIDECTDG 1,3-1.1

No linealidad geométrica (GMNA) Si Grandes deformaciones para

secciones huecas
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Theoretical Background

CBFEM versus AISC 360

The weak point of standard design method is in analyzing of internal forces and stress in a joint. CBFEM replaces specific analysis
of internal forces in joint with general FEA.

H
—poagnece
: - E g
—

Component model Bolted joint CBFEM model

{7z

Check methods of specific components like bolts or welds are done according to standard AISC 360.

For the fasteners — bolts and welds — special FEM components had to be developed to model the welds and bolts behaviour in the
connection. All parts of 1D members and all additional plates are modeled as plate/walls. These elements are made of steel (metal
in general) and the behaviour of this material is significantly nonlinear.

The real stress-strain diagram of steel is replaced by the ideal plastic material for design purposes in building practice. The
advantage of ideal plastic material is, that only yield strength and modulus of elasticity must be known to describe the material
curve. The yield strength is multiplied by resistance factor (LRFD) or divided by safety factor (ASD) — AISC 360, Appendix 1. The
granted ductility of construction steel is 15 %. The real usable value of limit plastic strain is 5% for ordinary design (EN 1993-1-5
appendix C paragraph C.8 note 1).

The stress in steel cannot exceed the yield strength when using the ideal elastic-plastic stress-strain diagram.

True stress -

A stress
strain diagram

Engineering stress -

strain diagram

Ideal plastic

Yeild point material model

.
g
3.
=
i

»

Limit plastic strain Strain

< >

Real tension curve and the ideal elastic-plastic diagram of material

CBFEM method aims to model the real state precisely. Meshes of plates / walls are not merged, no intersections are generated
between them, unlike it is used to when modeling structures and buildings. Mesh of finite elements is generated on each individual

plate independently on mesh of other plates.
Between the meshes, special massless force interpolation constraints are added. They ensure the connection between the edge of

one plate and the surface or edge of the other plate.
This unique calculation model provides very good results — both for the point of view of precision and of the analysis speed. The

method is protected by patent.
The steel base plate is placed loosely on the concrete foundation. It is a contact element in the analysis model — the connection

resists compression fully, but does not resist tension.

15/20
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Autor:

Contact force
A

Open contact

Deformation
L.

Contact of surfaces

Stress-strain diagram of contact between the concrete block and the base plate

The concrete block in CBFEM is modeled using Winkler-Pasternak subsoil model. The stiffness of subsoil is determined using
modulus of elasticity of concrete and effective height of subsoil. The concrete block is not designed by CBFEM method.

Welds are modeled using a special elastoplastic element, which is added to the interpolation links between the plates. The element
respects the weld throat thickness, position and orientation. The plasticity state is controlled by stresses in the weld throat section.
The plastic redistribution of stress in welds allows for stress peaks to be redistributed along the longer part of the weld.

Bolted connection consists of two or more clasped plates and one or more bolts. Plates are placed loosely on each other.
A contact element is inserted between plates in the analysis model, which acts only in compression. No forces are carried in
tension.

Shear force is taken by bearing. Special model for its transferring in the force direction only is implemented. IDEA StatiCa
Connection can check bolts for interaction of shear and tension. The bolt behavior is implemented according to the following picture.

' F (tensile force in bolt)

o~

u (bolt deformation)
Bolt — tension
Symbols explanation:

o K —linear stiffness of bolt,
. Kp — stiffness of bolt at plastic branch,

¢ Fy— limit force for linear behaviour of bolt,
¢ FiRg — limit bolt resistance,
¢ U, — limit deformation of bolt.
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Autor:

Ut
{V = Ua Ft = Rns} {V = T’-Rm,'; E = Rns}
ULT .
{V =0;F = Ret}
% {V = Rm;,ﬂ = T-Rnt}
PULTG N |
{V=Re; F, =1.Re}
rit
{V = Rev; Ft = O}
v = =)
. : ; Us
e ULS I, ULS
KS KS

Bolt — interaction of shear and tension

Loads

End forces of member of the frame analysis model are transferred to the ends of member segments. Eccentricities of members
caused by the joint design are respected during load transfer.

The analysis model created by CBFEM method corresponds to the real joint very precisely, whereas the analysis of internal forces
is performed on very idealised 3D FEM bar model, where individual beams are modeled using centrelines and the joints are
modeled using immaterial nodes.

Joint of a vertical column and a horizontal beam

Internal forces are analysed using 1D members in 3D model. There is an example of courses of internal forces in the following
picture.
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Internal forces in horizontal beam. M and V are the end forces at joint.

The effects caused by member on the joint are important to design the connection. The effects are illustrated in the following
picture.

Effects of the member on the joint. CBFEM model is drawn in dark blue color.

Moment M and shear force V act in a theoretical joint. The point of theoretical joint does not exist in CBFEM model, thus the load
cannot be applied here. The model must be loaded by actions M and V, which have to be transferred to the end of segment in the
distance r.

M=M-V-r

Ve=V

In CBFEM model, the end section of segment is loaded by moment M and force V..

Welds

Fillet welds

The design strength, ¢R,, and the allowable strength, R,/Q of welded joints are evaluated in connection weld check.
$=0.75 (LRFD)

0=2.00 (ASD)

Available strength of welded joints is evaluated according to AISC 360 — J2.4:

Rn = FawAwe

Frw = 0.60 Fexx (1.0 + 0.50 sin'-50)

where

e F ,w—nominal stress of weld material,
o A, — effective area of the weld,
o F exx — electrode classification number, i.e., minimum specified tensile strength,
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e O — angle of loading measured from the weld longitudinal axis.

For long welds and welding to unstiffened flanges or webs of rectangular hollow sections, the weld material model is fine-tuned so
that no reduction factor is necessary. The weld resistance is governed by most stressed weld element.

CJP groove welds

AISC Specification Table J2.5 identifies four loading conditions that might be associated with JP groove welds, and shows that the
strength of the joint is either controlled by the base metal or that the loads need not be considered in the design of the welds
connecting the parts. Accordingly, when CJP groove welds are made with matching-strength filler metal, the strength of a
connection is governed or controlled by the base metal, and no checks on the weld strength are required.

Tensile and shear strength of bolts

The design tensile or shear strength, ¢R,,, and the allowable tensile or shear strength, R,, / Q of a snug-tightened bolt is determined
according to the limit states of tension rupture and shear rupture as follows:

Rn = FrAp

$=0.75 (LRFD)

0=2.00 (ASD)

where

¢ A —nominal unthreaded body area of bolt or threaded part,
e F,—nominal tensile stress, F, or shear stress, F,,, from Table J3.2.

The tensile force, against which the required tensile strength is checked, includes any tension resulting from prying action produced
by deformation of the connected parts.

Combined Tension and shear in bearing type connection

The available tensile strength of a bolt subjected to combined tension and shear is determined according to the limit states of
tension and shear rupture as follows:

Rn=FA, (AISC 360 J3-2)

$=0.75 (LRFD)

0=2.00 (ASD)

Frt=13 Fyt — fyFnt ! ¢F,,  (AISC 360 J3-3a LRFD)

Frnt=13Fy -y QF! F,, (AISC 360 J3-3b ASD)

where

e F'+—nominal tensile stress modified to include the effects of shear stress,

¢ F —nominal tensile stress from AISC 360 — Tab. J3.2,

e Fy—nominal shear stress from AISC 360 — Tab. J3.2,

o fn, —required shear stress using LRFD or ASD load combinations. The available shear stress of the fastener shall be equal
or exceed the required shear stress, f,,,.

Bearing strength in bolt holes

The available bearing strength, R, and R,/Q at bolt holes is determined for the limit state of bearing as follows:
For a bolt in a connection with standard holes:

R,=12ItF,<24dtF, (AISC 360 J3-6a,c)

For a bolt in a connection with slotted holes:

R,=10ItF,<20dtF, (AISC 360 J3-6Ge,f)

$=0.75 (LRFD)

0=2.00 (ASD)

where
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e [, —specified minimum tensile strength of the connected material,

e d—nominal bolt diameter,

« |, —clear distance, in the direction of the force, between the edge of the hole and the edge of the adjacent hole or edge of
the material,

e t—thickness of connected material.

The design slip resistance of a preloaded class A325 or A490 bolt with of effect of tensile force, f; g4 according to AISC 360 — J3.9.
Preloading force to be used AISC 360 — Tab. J3.1.

Tb =0.7 beAS

Design slip resistance per bolt AISC 360 — J3.8

Ry =113 u TyNg

Utilisation in shear [%]:

Us=VIR,

where

o A —tensile siress area of the bolt,

o fp— ultimate tensile strength,

e L —mean slip factor coefficient,

e N ¢ —number of the friction surfaces. Check is calculated for each friction surface separately,
e V —shear force.

The anchor bolt element is elastic-plastic with significant strain hardening. The maximum steel tensile resistance is expected at the
strain which equals to 0.25 x guaranteed elongation. The failure mode due to concrete cracking may occur before the anchor steel
tensile resistance is reached and is considered as a completely brittle failure.

Similarly, the steel components in shear (anchor bolt, base plate in bearing) are able to yield but failure modes connected with
concrete cracking may occur suddenly as a brittle failure.

All standards use Concrete Capacity Design method developed by prof. R. Eligehausen at University of Stuttgart. The theory is
based on vast experimental and numerical testing mostly on unreinforced concrete blocks and relatively short, often post-installed,
anchors.

Anchorage is designed according to ACI 318-14 — Chapter 17. The design is available only for LRFD. Some failure modes (e.g.
steel resistance) are evaluated for single anchors, others (e.g. concrete breakout) are checked for group of anchors.
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