
 

 

 

Initial Handling Facility (IHF): Concrete Structure Design 

6.5.1.1 Roof Slab Design (48" thick), N-S Reinforcement - INTSCUT7a 

51A-DBC-IH00-00100-000-00A 

slab width: B �� 40�ft 

f' �� 5000�psic 

� �b � 0.9 

� �� 0.9t 

� �� 0.7c 

� ��v 0.6 

f �� 60�ksiy 

Sect. 9.3.2.1, Ref. 2.2.14 

Sect. 9.3.2.2(a), Ref. 2.2.14 

Sect. 9.3.2.2(b), Ref. 2.2.14 

Sect. 9.3.4, Ref. 2.2.14
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

Load Combination I - DL+LL+SRSS 

Axial Compression: F1 = 96 kip (C) 


In-Plane Moment: M3 = 1610 kip-ft
 

In-Plane Shear: F2 = 261 kip
 

Out-of-Plane Moment: M11 + M12 = 180 kip-ft/ft
 

Out-of-Plane Shear: V13 = 58 kip/ft
 

I-A Out-of-Plane Moment with Axial Compression 

M11 + M12 = 180 kip-ft/ft F1 = 96 kip (C) 

kip�ft 96�kip kip
M �� 180� N �� N � 2.4uo u uft B ft 

d �� 1.41�in d �� h � t � db11�1.5 (2nd layer) d � 43.885 in
 

b �� 12�in h �� 48�in conc. cover for reinf.: tc �� 2 in  

b11 c 

b 

Mu
Cc N

d h u Mus
As 

T Nu 

� h � ft
M �� M � N � d � (Commentary, Ref. 2.2.18 ) M � 183.977 kip�us uo u � � us� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 

M �b Mus n
M �� M � 262.824 kip  �ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 136.469 psi n n n n� 2c b d

2 m� �Rn �1 � � � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  2.312 � 10� ��  � 1 � 
f �m � y � 

Nu�b
 
A �� ��b�d � 2
s (Commentary, Ref. 2.2.18 ) A � 1.161 in � �fc y  s 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

A �� 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) A 1.037 in s_min s_min � 
2 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 1.934 ins_req s_req try #11@9.5", As =1.97 in2  O K0.6 

I-B Check Out-of-Plane Shear Capacity 

Full Shear Capacity (neglect compression--- conservative) 

b � 12 in d � 43.885 in 

V ��c �2 f' �psi�b�dc (Eq. 11-3, Ref. 2.2.14, ) Vc � 74.475 kip 

� �v Vc � 44.685 kip 

Out-of-Plane Shear: V13 = 58 kip/ft 

kip
Vuo �� 58� 

ft 

V �buo 
� �v Vc 

� 1.298 > D/C = 0.6 N G 

Since V13 = 58 kip occured at corner point only, conservatively use average out-of plane shear + one-third 
of V13 for design. 

Total Out-of Plane Shear at INTSCUT7a: F3 = 374 kip B � 40 ft 

V kip
V �� 374�kip V �� V � 9.35ave aveB  ft  

Vuo kip
V �� � V V � 28.683u ave u3 ft 

Vu�b 
� 0.642 Close to D/C = 0.6 O K 

v Vc 

I-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = 1610 kip-ft F1 = 96 kip (C) 

N �� 96�kip b �� 4�ft h �� 40�ft d �� h � 5�inuM �� 1610�kip�ftui 

b 

hd 
As 

Mu
C Nc u M 

u 

us 

NT 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

� h � 3M �� M � N � d � (Commentary, Ref. 2.2.18 ) M � 3.49 � 10 kip�ft  us ui u � � us� 2 �
 

fy

m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 


Mus 3 Mn

M �� M � 4.986 � 10 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 5.524 psin n n n�c 2b d

2 m �� �R1 
�� n � � 51 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  9.213 � 10� ��  1 � 

f �m � y � 

Nu 2A �� ��b�d � A � �0.185 in (tension reinf. not required----O K) s (Commentary, Ref. 2.2.18 ) s� �fc y  

I-D Check In-Plane Shear Capacity F2 = 261 kip 

V �� 261 kip h � 40 ft g �� �� b �� 4�ft A b h d �� h � 5�inui 

3
� �psi b�d V �V �� 2 f'  � (Eq. 11-3, Ref. 2.2.14, ) � 3.224 10 kip c c c
 

Vui 

� 0.135 < D/C = 0.6 O K 


� �V
v c  

Load Combination II - DL+LL-SRSS 

Axial Tension: F1 = -168 kip (T) 

In-Plane Moment: M3 = -1493 kip-ft 

In-Plane Shear: F2 = -350 kip 

Out-of-Plane Moment: M11 + M12 = -214 kip-ft/ft 

Out-of-Plane Shear: V13 = -57 kip/ft 

II-A Out-of-Plane Moment with Axial Tension slab width: B �� 40�ft 

M11 + M12 = -214 kip-ft/ft F1 = -168 kip (T) 

kip�ft 168�kip kip
Muo �� 214� Nu �� Nu � 4.2
 

ft B ft
 

d 1.41�in d �� h � t � d �1.5 (2nd layer) d � 43.885 in
 

b �� 12�in h �� 48�in conc. cover for reinf.: tc �� 2 in  

b11 �� c b11 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

b
 

As 
hd 

Cc Nu 

Mu 
Mus 

NuT 

� h � ft
M �� M � Nu��d � � (Commentary, Ref. 2.2.18 ) M 207.04 kip�us uo us � 

� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c
 

M �b M
us n
M �� M � 230.045 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 119.448 psi n n n n� 2t b d

2 m Rn1 � � � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  2.02 � 10� ��  � 1 � 
f �m � y � 

Nu�b
 
A �� ��b�d � 2
s (Commentary, Ref. 2.2.18 ) A � 1.141 in � �f st y  

A 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) A � 1.037 in s_min �� s_min 
2 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 1.902 in s_req s_req try #11@9.5", As =1.97 in2  O K0.6 

II-B Check Out-of-Plane Shear Capacity V13 = -57 kip/ft

 Shear Capacity with axial tension F1 =-168 kip (T) 

2 �168�kip kip
A �� b h  � h  � 576 4.2g  48 in A � in N ��g  u  N � �uB

� N �b u �  
V ��   2 1�c � � ��  f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 73.389 kip c c

� 500�A �psi  g
 �
V �b
 kip uo

V �� 57� � 1.294 > D/C = 0.6 N G uo ft � �V
 v c 
  

Since V13 = 57 kip occured at corner point only, conservatively use average out-of plane shear + one-third 
of V13 for design. 

Total Out-of Plane Shear at INTSCUT7a: F3 = 118 kip B � 40 ft   

 ft  
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

V �� 118�kip Vave �� 
V 
B 

Vave � 2.95 
kip 
ft  

Vu �� 
Vuo 

3 
� Vave Vu � 21.95 

kip 
ft 

Vu�b 
� 0.498 < D/C = 0.6 O K 

� �Vv c 

II-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = -1493 kip-ft F1 = -168 kip (T) 

M �� 1493�kip�ft N �� 168�kip b �� 4�ft h �� 40�ft d �� h � 5�inui u 

b 

Cc Nu 

Mu 

T 

Mus 

Nu 
As 

hd 

� h �M �� M Nu��d � � 3us ui � (Commentary, Ref. 2.2.18 ) M � �1.797 � 10 kip�ft� 2 � us 

Axial tension Nu is large compared to moment, redesign entire section in tension 

b 

T2 

d’ 
MuA’s Nu Musd hd-d’ 

NuT1 

As 

Mus 2(Commentary, Ref. 2.2.18 ) A' � 0.85 in d' �� 5 in  A'  s s� �f �(d � d') b y 

Nu 2A �� � A' (Commentary, Ref. 2.2.18 ) A � 2.261 in s s s� �ft y  
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 3.769 in s_req_ns s_req_ns0.6 

try 3#11 (N-S), As = 4.68 sq. in. O K 

II-D Check In-Plane Shear Capacity F2 = -350 kip F1 =-168 kip (T) 

V �� 350�kip N �� �168�kipui u
 

b �� 4�ft h � 40 ft A �� b h d
� �� h � 5�ing
 

� Nu �
 3V �� 2 1 f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 3.177 � 10 kip �� � ��c c c500�A �psi� g �
 

Vui
 
� 0.184 < D/C = 0.6 O K 

� �Vv c 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

6.5.1.2 Roof Slab Design (48" thick), E-W Reinforcement - INTSCUT7b slab width: B �� 13.5�ft 

Load Combination I - DL+LL+SRSS 


Axial Compression: F2 = 326 kip (C) 


In-Plane Moment: M3 = 1527 kip-ft 


In-Plane Shear: F1 = 330 kip 


Out-of-Plane Moment: M22 + M12 = 234 kip-ft/ft 


Out-of-Plane Shear: V13 = 58 kip/ft 


I-A Out-of-Plane Moment with Axial Compression 


M22 + M12 = 234 kip-ft/ft F2 = 326 kip (C) 


kip�ft 326�kip kip
Muo �� 234� Nu �� N � 24.148uft B ft
 

b �� 12�in h �� 48�in conc. cover for reinf.: tc �� �
2 in 
  

d �� 1.41�in d �� h � t � d �1.5 (2nd layer) d � 43.885 in
 b11 c b11 

b 

Mu
Cc N

d h u Mus
As 

T Nu 

� h ft
Mus �� Muo � Nu��d � �� (Commentary, Ref. 2.2.18 ) Mus � 274.015 kip� 

� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c
 

M �b M
us n
M �� M � 391.451 kip �ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 203.257 psi n n n n� 2c b d

2 m �� �Rn � � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  3.473 � 10 

m �


� ��  
1 
��1 � 

f �y � 

89 December 2007 



 

 
  

    

 

  

    

 

   
 

 

 

    

 

� �  

Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

Nu�b 
A �� � ��b d � 2s (Commentary, Ref. 2.2.18 ) A � 1.254 in � �f sc y  

2A �� 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) A � 1.037 ins_min s_min 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 2.09 ins_req s_req try #11@9", As =2.08 in2 O K0.6

I-B Check Out-of-Plane Shear Capacity 

Full Shear Capacity (neglect compression--- conservative) 

b � 12 in d � 43.885 in 

V �� 2 f� ' �psi�b�dc c (Eq. 11-3, Ref. 2.2.14, ) Vc � 74.475 kip 

� �Vcv � 44.685 kip 

Out-of-Plane Shear: V13 = 58 kip/ft 

Vuo �� 
kip

58� 
ft 

V �buo 
� �v Vc 

� 1.298 > D/C = 0.6 N G 

Since V13 = 58 kip occured at corner point only, conservatively use average out-of plane shear + one-third 
of V13 for design. 

Total Out-of Plane Shear at INTSCUT7b: F3 = 149 kip B � 13.5 ft 

V kip
V �� 149�kip V V � 11.037ave �� aveB  ft  

Vuo kip
V �� � V V � 30.37u ave u3 ft 

Vu�b 
� 0.68 Close to D/C = 0.6 O K 

v Vc 

I-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = 1527 kip-ft F2 = 326 kip (C) 

M �� 1527�kip�ft N �� 326�kip b �� 4�ft h �� 13.5�ft d �� h � 5�inui u 

b 

hd 
As 

Mu
C Nc u M 

u 

us 

NT 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

� h � 3M �� M � N ��d � (Commentary, Ref. 2.2.18 ) M � 3.592 � 10 kip�ftus ui u � us� 2 �
 

fy

m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 


M M
us 3 n
M �� M � 5.131 � 10 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 52.04 psin n n n� 2c b d

2 m �� �Rn � � 41 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  8.727 � 10� ��  
1 
��1 � 

f �m � y � 

Nu 2A �� ��b�d � A � �1.185 in (tension reinf. not required----O K) s (Commentary, Ref. 2.2.18 ) s� �fc y  

I-D Check In-Plane Shear Capacity F1 = 330 kip 

V �� 330�kip b �� 4�ft h �� 13.5�ft A �� b h d �� h � 5�� inui g 

3V �� 2 f' (Eq. 11-3, Ref. 2.2.14, ) V � 1.066 � 10 kip � �psi�b�dc c c 

Vui 
� 0.516 < D/C = 0.6 O K 


� �V
v c  

Load Combination II - DL+LL-SRSS 

Axial Tension: F2 = -224 kip (T) 

In-Plane Moment: M3 = -2062 kip-ft 

In-Plane Shear: F1 = -252 kip 

Out-of-Plane Moment: M22 + M12 = -249 kip-ft/ft 

Out-of-Plane Shear: V13 = -57 kip/ft 

II-A Out-of-Plane Moment with Axial Tension slab width: B �� 13.5�ft 

M22 + M12 = -249 kip-ft/ft F2 = -224 kip (T) 

kip�ft 224�kip kip
M �� 249� N �� N � 16.593uo u uft B ft 


b �� 12�in h �� 48�in conc. cover for reinf.: tc �� 2 i�  n
 

d �� 1.41�in d �� h � t � d �1.5 (2nd layer) d � 43.885 in 
b11 c b11 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

b
 

As 
hd 

Cc Nu 

Mu 
Mus 

NuT 

� h � ft
M �� M � N � d � (Commentary, Ref. 2.2.18 ) M � 221.505 kip�us uo u � � us� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 

M �b Mus n
M �� M � 246.116 kip �ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 127.793 psin n n n� 2t b d

2 m �� �Rn � � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  2.163 � 10 
f �

� ��  
1 
��
�

1 � 
m � y � 

Nu�b
 
A �� ��b�d � 2
s (Commentary, Ref. 2.2.18 ) A � 1.446 in � �f st y  

2A �� 0.0018� � (Sect. 7.12.5, Ref. 2.2.14 ) Ab h  � 1.037 in s_min s_min 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 2.411 in s_req s_req try #11@8", As =2.34 in2 O K0.6

II-B Check Out-of-Plane Shear Capacity V13 = -57 kip/ft

 Shear Capacity with axial tension F2 =-224 kip (T) B � 13.5 ft 

2 �224�kip kip
A �� b h h � 48 in A � 576 in N �� N � �16.593g g u uB  ft  

� Nu�b � 
Vc �� 2 1�� � �� f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 70.185 kipc c500�A �psi� g � 

kip Vuo�b 
V �� 57� � 1.354 > D/C = 0.6 N Guo ft � �V
v c 
  

Since V13 = 57 kip occured at corner point only, conservatively use average out-of plane shear + one-third 
of V13 for design. 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

Total Out-of Plane Shear at INTSCUT7b: F3 = 2 kip B � 13.5 ft 

V kip
V �� 2�kip V V 0.148ave �� ave � 

B  ft  

Vuo kip
V �� � V V � 19.148u ave u3 ft
 

Vu�b
 
� 0.455 < D/C = 0.6 O K 

� �Vv c  

II-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = -2062 kip-ft F2 = -224 kip (T) 

M �� 2062�kip�ft N �� 224�kip b �� 4�ft h �� 13.5�ft d �� h � 5�inui u 

b 

As 
hd 

Cc Nu 

Mu 

T 

Mus 

Nu 

� h �M �� M � Nu��d � � (Commentary, Ref. 2.2.18 ) M � 643.333 kip ft �us ui us� 2 �

fy


m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 
0.85�f'
c 


Mus Mn

M �� M � 714.815 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 7.25 psin n n n� 2t b d

� �R1 � 2 m n �� � 41 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  1.209 � 10
 
m �


� ��  � 1 � 
f �y �
 

Nu
 2A �� ��b�d � (Commentary, Ref. 2.2.18 ) A � 5.06 in s s� �ft y  
2A �� 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) A � 13.997 in s_min s_min 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 8.433 in 2s_req s_req try 6#11, As =9.36 in  O K0.6 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

II-D Check In-Plane Shear Capacity F1 = -252 kip F2 =-224 kip (T) 

Vui �� 252�kip N �� �224�kipu 

� h � �b �� 4�ft h � 13.5 ft A �� b h  d  �� 5 in  g
 

� Nu �
 3V �� 2 1 ��� �� f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 1.004 � 10 kip c c c500�A �psi� g � 

Vui 
� 0.418 < D/C = 0.6 O K 

� �Vv c  
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6#11 Each Side

3#11 

#11@8” T & B 

3#11 

#11@8” T & B 


Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

For simplicity of placing rebars, use Reinforcement as follow: 

In North-South direction (short bar): 

Provide #11@8" T & B, added Chord Bar 3#11 at east and west slab edges 

In East-West direction (long bar): 

Provide #11@8" T & B, added Chord Bar 6#11 at north and south slab edges 
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INTSCUT8c INTSCUT8d 

M22+M12 

INTSCUT8bM11+M12
 

V13 & V23
 
INTSCUT8a 

North (X) 
F1ROOF AT ELEV. 37’-0” ---- PLAN 

West (Y) Vertical (Z) 
F2 F3 

F1 
M3 

F2 INTSCUT8a & INTSCUT8b 

F2 

F1 
M3 

INTSCUT8c & INTSCUT8d 

Initial Handling Facility (IHF): Concrete Structure Design  51A-DBC-IH00-00100-000-00A 

6.5.2 
Roof Slab Design Loads, Column Lines 5-7 
Roof Slab EL 37'-0" 

Section cut design forces and moments, which follow a global axis system, for the roof slab at EL 37'-0" from column line 5 to 7 include in plane forces and moments: such as axial forces 
(tension/compression), in plane moment, and in plane shear. The section cut values are integrated along the section cut length, thus for INTSCUT8a & INTSCUT8b the length is equal to 50' and 
for INTSCUT8c & INTSCUT8d the length is equal to 37'. Out of plane values such as out of plane bending and out of plane shear are attained by shell element forces and moments from SAP2000 
which follow a local axis system. The out of plane bending moments provided are M11 and M22, and a third moment M12, which is a twisting moment that is combined with M22 and M11. The ou 
of plane shear forces from the shell elements include V13 and V23. 

INTSCUT8a & INTSCUT8b INTSCUT8c & INTSCUT8d 
F1 = Axial Force, Compression (+) / Tension (-) F1 = In Plane Shear 
F2 = In Plane Shear F2 = Axial Force, Compression (+) / Tension (-) 
M3 = In Plane Moment M3 = In Plane Moment 

Accidental torsion factor= 15% (See assumption 3.1.4) 

DL+LL Seismic (SRSS) 

Section Cut F1 F2 F3 M1 M2 M3 F1 F2 F3 M1 M2 M3 
Kip Kip Kip Kip-ft Kip-ft Kip-ft Kip Kip Kip Kip-ft Kip-ft Kip-ft 

INTSCUT8a 92 17 - - - -232 239 1134 - - - 4540 
INTSCUT8b 210 -26 - - - -3061 117 928 - - - 4038 
INTSCUT8c 14 -61 - - - -152 908 533 - - - 8570 
INTSCUT8d -14 27 - - - 143 1130 689 - - - 5246 

Loads with accidental torsion factor 

DL+LL Seismic (SRSS) 

Section Cut F1 F2 F3 M1 M2 M3 F1 F2 F3 M1 M2 M3 
Kip Kip Kip Kip-ft Kip-ft Kip-ft Kip Kip Kip Kip-ft Kip-ft Kip-ft 

INTSCUT8a 106 20 - - - -267 274 1305 - - - 5221 
INTSCUT8b 242 -30 - - - -3520 135 1067 - - - 4643 
INTSCUT8c 16 -71 - - - -175 1044 612 - - - 9855 
INTSCUT8d -16 31 - - - 165 1299 792 - - - 6033 

Maximum Load Combination 

DL+LL+Seismic (SRSS) DL+LL-Seismic (SRSS) 

Section Cut F1 F2 F3 M1 M2 M3 F1 F2 F3 M1 M2 M3 
Kip Kip Kip Kip-ft Kip-ft Kip-ft Kip Kip Kip Kip-ft Kip-ft Kip-ft 

INTSCUT8a 380 1324 - - - 4954 -169 -1285 - - - -5488 
INTSCUT8b 376 1037 - - - 1123 107 -1097 - - - -8164 
INTSCUT8c 1061 542 - - - 9680 -1028 -683 - - - -10030 
INTSCUT8d 1283 823 - - - 6198 -1315 -761 - - - -5869 

Element Forces - Area Shells D+L Element Forces - Area Shells SRSS 
MAX M11 M22 M12 V13 V23 MAX M11 M22 M12 V13 V23 
MIN Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft 
MAX 72 46 16 10 8 

MAX 84 62 22 10 9
MIN -45 -68 -17 -11 -11 

Element Forces - Area Shells D+L Element Forces - Area Shells SRSS 
MAX M11 M22 M12 V13 V23 MAX M11 M22 M12 V13 V23 
MIN Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft 
MAX 83 52 18 12 9 

MAX 96 71 26 12 10
MIN -52 -78 -19 -12 -13 

Shell Element Forces and Moments 
M11 = Out of Plane Moment 
M22 = Out of Plane Moment 
M12 = Twisting Moment 
V13 = Out of Plane Shear 
V23 = Out of Plane Shear 

Loads with accidental torsion factor 

Maximum Load Combination 

DL+LL+Seismic(SRSS) DL+LL-Seismic(SRSS) 
MAX M11 M22 M12 V13 V23 MAX M11 M22 M12 V13 V23 
MIN Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft MIN Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft 
MAX 179 123 44 24 19 MAX -13 -18 -7 1 -1 
MIN 44 -7 6 -1 -3 MIN -148 -149 -45 -24 -23 
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Initial Handling Facility (IHF): Concrete Structure Design 

6.5.2.1 Roof Slab Design (48" thick), N-S Reinforcement - INTSCUT8a 

51A-DBC-IH00-00100-000-00A 

slab width: B �� 50 ft� 

�f' �� 5000 psi c 

�� 0.9�b 

�� 0.9�t 

� ��  0.7c 

�v �� 0.6 

�f �� 60 ksi y 

Sect. 9.3.2.1, Ref. 2.2.14 

Sect. 9.3.2.2(a), Ref. 2.2.14 

Sect. 9.3.2.2(b), Ref. 2.2.14 

Sect. 9.3.4, Ref. 2.2.14
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

Load Combination I - DL+LL+SRSS 

Axial Compression: F1 = 380 kip (C) 


In-Plane Moment: M3 = 4954 kip-ft
 

In-Plane Shear: F2 = 1324 kip
 

Out-of-Plane Moment: M11 + M12 = 223 kip-ft/ft
 

Out-of-Plane Shear: V13 = 24 kip/ft
 

I-A Out-of-Plane Moment with Axial Compression 

M11 + M12 = 223 kip-ft/ft F1 = 380 kip (C) 

kip�ft 380�kip kip
M �� 223� N �� N � 7.6uo u uft B ft 

d �� 1.41�in d �� h � t � db11�1.5 (2nd layer) d � 43.885 in
 

b �� 12�in h �� 48�in conc. cover for reinf.: tc �� 2 in  

b11 c 

b 

Nu 

Mu 

T 

Mus 

Nu 

Cc 
As 

hd 

� h  ft  
M �� M � Nu��d � �� (Commentary, Ref. 2.2.18 ) M � 235.594 kip�us uo us� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 

M �b Mus n
M �� M � 336.563 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 174.757 psi n n n n� 2c b d

2 m n �� �R � � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  2.975 � 10� ��  
1 
��
�

1 � 
f �m � y � 

Nu�b
 
A �� ��b�d � 2
s (Commentary, Ref. 2.2.18 ) A � 1.386 in� �fc y  s 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

A �� 0.0018� hb�s_min (Sect. 7.12.5, Ref. 2.2.14 ) A � 1.037 in s_min 
2 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� �s_req As_req 2.31 in 
0.6 try #11@8", As = 2.34 in2 O K 

I-B Check Out-of-Plane Shear Capacity 

Full Shear Capacity (neglect compression--- conservative) 

b � 12 in d � 43.885 in 

V �� 2 f� ' �psi�b�dc c 

� �V �c 44.685 kip v 

(Eq. 11-3, Ref. 2.2.14, ) V � 74.475 kip c 

Out-of-Plane Shear: 

kip
V �� 24�uo ft 

V13 = 24 kip/ft 

bVuo� 
� 0.537 

� �v Vc 
< D/C = 0.6 O K 

I-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = 4954 kip-ft 

M �� 4954�kip�ftui 

F1 = 380 kip (C) 

N �� 380�kipu b �� 4�ft h �� 50�ft d �� h � 5�in 

Nu 

Mu 

T 

Mus 

Nu 

Cchd 
As 

b 

� h � 4M �� M � N � d � (Commentary, Ref. 2.2.18 ) M � 1.43 � 10 kip �ftus ui u � � us� 2 �
 

fy

m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 


Mus 4 Mn

M �� M � 2.042 � 10 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 14.422 psi n n n n� 2c b d
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

2 m� �R �1 � n � � 41 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  2.408 � 10� ��  �  1 � 
f �m � y � 

Nu 2A �� ��b�d � A � �2.171 in (tension reinf. not required----O K) s (Commentary, Ref. 2.2.18 ) s� �fc y  

I-D Check In-Plane Shear Capacity F2 = 1324 kip 

V �� 1324�kip b �� 4�ft h � 50 ft A �� b h  d  �� h � 5 in  ui g 

3V �� 2 f' (Eq. 11-3, Ref. 2.2.14, ) V � 4.039 � 10 kip � �psi�b�dc c c 
Vui 

� 0.546 < D/C = 0.6 O K 
� �Vv c  

Load Combination II - DL+LL-SRSS 

Axial Tension: F1 = -169 kip (T) 

In-Plane Moment: M3 = -5488 kip-ft 

In-Plane Shear: F2 = -1285 kip 

Out-of-Plane Moment: M11 + M12 = -193 kip-ft/ft 

Out-of-Plane Shear: V13 = -24 kip/ft 

II-A Out-of-Plane Moment with Axial Tension slab width: B �� 50�ft
 

M11 + M12 = -193 kip-ft/ft F1 = -169 kip (T) 


kip�ft 169�kip kip
M �� 193� N �� N � 3.38uo u uft B ft 


b �� 12�in h �� 48�in conc. cover for reinf.: tc �� 2 i� n
 

d �� 1.41�in d �� h � t � d �1.5 (2nd layer) d � 43.885 in
b11 c b11 

b 

As 
hd 

Cc Nu 

Mu 

T 

Mus 

Nu 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

h  ft  
M �� M � N ���d � �� (Commentary, Ref. 2.2.18 ) M � 187.399 kip�us uo u us� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c
 

M b
us� Mn
M �� M � 208.221 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 108.117 psi n n n n� 2t b d

� �R1 
�� 

2 m n �� � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  1.825 � 10 

m �


� ��  1 � 
f �y � 

Nu�b
 
A �� ��b�d � 2
s (Commentary, Ref. 2.2.18 ) A � 1.024 in � �f st y  

2A �� 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) A � 1.037 in  s_min s_min 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A ��  A � 1.707 in 2s_req s_req try #11@10", As =1.87 in  O K0.6 

II-B Check Out-of-Plane Shear Capacity V13 = -24 kip/ft

 Shear Capacity with axial tension F1 =-169 kip (T) 

2 �169�kip kip
A �� b h  h  � 48 in A � 576 in N ��  N� � �3.38g g u uB ft 

� Nu�b � 
d (Eq. 11-8, Ref. 2.2.14, ) V � 73.601 kip V �� 2 1 �c �� �� c500�A �psi� g �
 

V �b
kip uo
Vuo �� 24� � 0.543 < D/C = 0.6 O K
 

ft � �V
v c  

II-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = -5488 kip-ft F1 = -169 kip (T) 

M �� 5488 kip ft � N �� 169 kip b �� 4�ft h �� 50�ft d �� h � 5�inui u 

f' �psi�b�c 

As 
hd 

b 

Cc Nu 

Mu 

T 

Mus 

Nu
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

� h �M �� M � N � d � 3us ui u � � (Commentary, Ref. 2.2.18 ) M � 1.333 � 10 kip�ft� 2 � us 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'c
 

Mus 3 Mn
M �� M � 1.482 � 10 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 1.046 psi n n n n� 2t b d

2 m �� �Rn � � 51 � 1 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  1.744 � 10 

m �


� ��  � 1 � 
f �y �
 

Nu

A �� ��b�d � 2s (Commentary, Ref. 2.2.18 ) A � 3.628 in � �f st y  

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 6.046 in s_req_ns s_req_ns0.6 

try 4#11 (N-S), As = 6.24 sq. in. O K 

II-D Check In-Plane Shear Capacity F2 = -1285 kip F1 =-169 kip (T) 

V �� 1285�kip ��  �  169�kipui Nu
 

b �� 4�ft h � 50 ft A �� b h d �� h � 5�in
g
 

� Nu �
 3V �� 2 1 � f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 3.992 � 10 kip c c c500�A �psi� g � 

Vui 
� 0.537 < D/C = 0.6 O K 

� �Vv c  
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

6.5.2.2 Roof Slab Design (48" thick), N-S Reinforcement - INTSCUT8b slab width: B �� 50�ft 

Load Combination I - DL+LL+SRSS 

Axial Compression: F1 = 376 kip (C) 


In-Plane Moment: M3 = 1123 kip-ft 


In-Plane Shear: F2 = 1037 kip 


Out-of-Plane Moment: M11 + M12 = 223 kip-ft/ft 


Out-of-Plane Shear: V13 = 24 kip/ft 


I-A Out-of-Plane Moment with Axial Compression 


M11 + M12 = 223 kip-ft/ft F1 = 376 kip (C) 


Compared with section cut at INTSCUT8a, loads are smaller, use design at INTSCUT8a 

I-B Check Out-of-Plane Shear Capacity : V13 = 24 kip/ft 

same as INTSCUT8a O K 

I-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 


M3 = 1123 kip-ft F1 = 376 kip (C) 


N �� 376�kip b �� 4�ft h �� 50�ft d �� h � 5�inuMui �� �1123 kip�ft 

b 

hd 
As 

Mu
C Nc u M 

u 

us 

NT 

� h � 4M �� M � N ��d � � (Commentary, Ref. 2.2.18 ) M � 1.037 � 10 kip ft us ui u � �2 us 

m �� 
fy 

0.85�f'c 
(Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118 

Mn �� 
Mus 
�c 

Mn � 1.481 4
� 10 kip�ft Rn �� 

Mn 
2b d� 

(Eq. 3.8.4b, Ref. 2.2.20, ) Rn � 10.458 psi 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

2 m R �n � � 41 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  1.745 � 10 
f �

� ��  
m
1 
��
�
�

1 � 
y � 

Nu
A �� ��b�d � 2s (Commentary, Ref. 2.2.18 ) A � �3.968 in (tension reinf. not required----O K) � �f sc y  

I-D Check In-Plane Shear Capacity F2 = 1037 kip 

V �� 1037 kip � A �� b �� 4 ft  h  � 50 ft �� b h d �� h � 5�inui g 

3V �� 2 f' �psi�b�d (Eq. 11-3, Ref. 2.2.14, ) Vc � 4.039 � 10 kip c c
 
Vui 


� 0.428 < D/C = 0.6 O K 

� �V
v c  

Load Combination II - DL+LL-SRSS 

Axial Tension: F1 = -107 kip (T) 

In-Plane Moment: M3 = -8164kip-ft 

In-Plane Shear: F2 = -1097 kip 

Out-of-Plane Moment: M11 + M12 = -193 kip-ft/ft 

Out-of-Plane Shear: V13 = -24 kip/ft 

II-A Out-of-Plane Moment with Axial Tension slab width: B �� 50�ft
 

M11 + M12 = -193 kip-ft/ft F1 = -107 kip (T) 


Compared with section cut at INTSCUT8a, loads are smaller, use design at INTSCUT8a 

II-B Check Out-of-Plane Shear Capacity V13 = -24 kip/ft F1 =-107 kip (T) 

Compared with section cut at INTSCUT8a, loads are smaller, use design at INTSCUT8a 

II-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment
 

M3 = -8164 kip-ft F1 = -107 kip (T)
 

0 ft  �M �� 8164�kip�ft N �� 107�kip b �� 4�ft h �� 5 � d �� h � 5 in  ui u 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

b
 

As 
hd 

Cc Nu 

Mu 

T 

Mus 

Nu 

� h �M �� M � N ��d � � 3us ui u (Commentary, Ref. 2.2.18 ) M �� 5.534 � 10 kip ft � 2 � us 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'c 


Mus 3 Mn
M �� M � 6.148 � 10 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 4.342 psi n n n n� 2t b d

2 m n �� �R1 � � � 51 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  7.24 � 10
 
m �


� ��  � 1 � 
f �y �
 

Nu

A �� ��b�d � 2s (Commentary, Ref. 2.2.18 ) A � 4.049 in � �f st y  

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 6.749 in s_req_ns s_req_ns0.6 

try 5#11 (N-S), As = 7.80 sq. in. O K 

II-D Check In-Plane Shear Capacity F2 = -1097 kip F1 =-107 kip (T) 

Compared with section cut at INTSCUT8a, loads are smaller, use design at INTSCUT8a
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

6.5.2.3 Roof Slab Design (48" thick), E-W Reinforcement - INTSCUT8c slab width: B �� 37�ft 

Load Combination I - DL+LL+SRSS 


Axial Compression: F2 = 542 kip (C) 


In-Plane Moment: M3 = 9680 kip-ft 


In-Plane Shear: F1 = 1061 kip 


Out-of-Plane Moment: M22 + M12 = 167 kip-ft/ft 


Out-of-Plane Shear: V13 = 24 kip/ft 


I-A Out-of-Plane Moment with Axial Compression 


M22 + M12 = 167 kip-ft/ft F2 = 542 kip (C) 


kip�ft 542�kip kip
Muo �� 167� N �� Nu � 14.649uft B ft
 

b �� 12�in h �� 48�in conc. cover for reinf.: tc �� 2 i� n
 

d �� 1.41�in d �� h � t � d �1.5 (2nd layer) d � 43.885 in
 b11 c b11 

b 

Nu 

Mu 

T 

Mus 

Nu 

Cc 
As 

hd 

� h � ft
M �� M � N ��d � (Commentary, Ref. 2.2.18 ) M � 191.274 kip�us uo u � us� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c
 

M �b M
us n
M �� M � 273.249 kip ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 141.881� psin n n n� 2c b d

2 m �� �R1 � n � � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  2.406 � 10 

m �


� ��  �  1 � 
f �y � 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

Nu�b 
A �� � s �b�d � 

� �fc y  

A �� 0.0018�b�hs_min 

(Commentary, Ref. 2.2.18 ) 

(Sect. 7.12.5, Ref. 2.2.14 ) 

2A � 0.918 in s 

2A � 1.037 in s_min 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A ��  A � 1.53 in s_req s_req0.6 try #11@12", As =1.56 in2 O K 

I-B Check Out-of-Plane Shear Capacity 

Full Shear Capacity (neglect compression--- conservative) 

b � 12 in d � 43.885 in 

V �� 2 f� ' �psi�b�dc c 

� �  �V 44.685 kip v c  

(Eq. 11-3, Ref. 2.2.14, ) V � 74.475 kip c 

Out-of-Plane Shear: 

kip
V �� 24�uo ft 

V13 = 24 kip/ft 

V �uo b 
� 0.537 

� �Vv c  
< D/C = 0.6 O K 

I-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = 9680 kip-ft F2 = 542 kip (C) 

N �� ��542�kip b 4�ft h �� 37�ftM �� 9680ui �kip�ft u d �� h � 5�in 

b 

hd 
As 

Mu
C Nc u M 

u 

us 

NT 

h 4M �� M � N ���d � �� (Commentary, Ref. 2.2.18 ) M � 1.948 � 10 kip�ftus ui u us� 2 � 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

M Mus 4 n
M �� M � 2.783 � 10 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 36.102 psi n n n n� 2c b d

2 m n �� �R1 � � � 41 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  6.043 � 10� ��  � 1 � 
f �m � y � 

Nu 2A �� �� b�d � A � �0.172 in (tension reinf. not required----O K)s (Commentary, Ref. 2.2.18 ) s� �fc y  

I-D Check In-Plane Shear Capacity F1 = 1061 kip 

V �� 1061 kip � A b h�� b �� 4 ft  h  �� 37�ft �� d �� h � 5�inui g 

3V �� 2 f� ' �psi�b�d (Eq. 11-3, Ref. 2.2.14, ) V � 2.98 � 10 kip c c c 

Vui 
� 0.593 < D/C = 0.6 O K 

� �Vv c  

Load Combination II - DL+LL-SRSS
 

Axial Compression: F2 = -683 kip (T)
 

In-Plane Moment: M3 = -10030 kip-ft
 

In-Plane Shear: F1 = -1028 kip
 

Out-of-Plane Moment: M22 + M12 = -194 kip-ft/ft
 

Out-of-Plane Shear: V13 = -24 kip/ft
 

II-A Out-of-Plane Moment with Axial Tension slab width: B �� 37�ft 

M22 + M12 = -194 kip-ft/ft F2 = -683 kip (T) 

kip�ft 683�kip kip
M �� 194� N �� N � 18.459uo u uft B ft 

b �� 12�in h �� 48�in conc. cover for reinf.: tc �� 2 in  

d �� 1.41�in d �� h � t � d (2nd layer) d � 43.885 in
 b11 c b11�1.5 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

b
 

As 
hd 

Cc Nu 

Mu 

T 

Mus 

Nu 

h  ft  
M �� Muo � N ���d � �� (Commentary, Ref. 2.2.18 ) Mus � 163.411 kip�us u � 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 

M �b Mus n
M �� Mn � 181.568 kip  �ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) Rn � 94.277 psi n � n 2
t b d 


2 m �� �Rn � � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  1.589 � 10 
f �

� ��  
1 
��
�

1 � 
m � y � 

Nu�b 2A �� ��b�d � (Commentary, Ref. 2.2.18 ) A � 1.179 in s s� �ft y  

2A �� 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) A � 1.037 ins_min s_min 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 1.965 in s_req s_req try #11@9.5", As = 1.97 in2 O K0.6

II-B Check Out-of-Plane Shear Capacity V13 = -24 kip/ft

 Shear Capacity with axial tension F2 =-683 kip (T) B � 37 ft 

2 �683�kip kip
A �� b h  h  � 48 in A � 576 in N �� N� � �18.459g g u uB  ft  

� Nu�b � 
Vc �� 2 1� ��� � f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 69.702 kip c c500�A �psi� g � 

V bkip uo� 
V �� 24� � 0.574 < D/C = 0.6 O Kuo ft � �V
v c 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

II-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = -10030 kip-ft F2 = -683 kip (T) 

M 10030�kip�ft N �� 683�kip b �� 4�ft h �� 37�ft d �� h � 5�inui �� u 

b 

Cc Nu 

Mu 

T 

Mus 

Nu 
As 

hd 

� h �M �� � N � d � 3us Mui u � � (Commentary, Ref. 2.2.18 ) M � �2.321 � 10 kip ft � 2 � us 

Axial tension Nu is large compared to moment, redesign entire section in tension 

Mus 2(Commentary, Ref. 2.2.18 ) A' � 1.188 ind' �� 5�in A' ��s sf (d  � d') b y 

Nu 2A �� � A' (Commentary, Ref. 2.2.18 ) A � 11.46 in s s s 
t fy 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 19.1 in s_req_ns s_req_ns0.6 

try 12#11 (N-S), As = 18.72 sq. in. O K
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

II-D Check In-Plane Shear Capacity F1 = -1028 kip F2 =-683 kip (T) 

Vui �� 1028�kip N �� �683�kipu
 

b �� 4�ft h � 37 ft A �� b h d �� h � 5�
� ing
 

� Nu �
 32 1 f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 2.789 � 10 kip Vc �� �� � �� c c500�A �psi� g � 

Vui 
� 0.614 close to D/C = 0.6 O K 

� �Vv c  
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

6.5.2.4 Roof Slab Design (48" thick), E-W Reinforcement - INTSCUT8d slab width: B �� 37�ft 

Load Combination I - DL+LL+SRSS 


Axial Compression: F2 = 823 kip (C) 


In-Plane Moment: M3 = 6198 kip-ft 


In-Plane Shear: F1 = 1283 kip 


Out-of-Plane Moment: M22 + M12 = 167 kip-ft/ft 


Out-of-Plane Shear: V13 = 24 kip/ft 


I-A Out-of-Plane Moment with Axial Compression 


M22 + M12 = 167 kip-ft/ft F2 = 823 kip (C) 


kip�ft 823�kip kip
M �� 167� N �� N � 22.243uo u uft B ft
 

b �� 12�in h �� 48�in conc. cover for reinf.: tc �� 2 i� n
 

d �� 1.41�in d �� h � t � d �1.5 (2nd layer) d � 43.885 in
 b11 c b11 

b 

Nu 

Mu 
Mus 

Nu 
As 

hd 
Cc 

T 

� h � ft
M �� M � N ��d � (Commentary, Ref. 2.2.18 ) M � 203.859 kip�us uo u � us� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c
 

M �b M
us n
M �� M � 291.227 kip ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 151.217� psin n n n� 2c b d

2 m �� �R1 � n � � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  2.567 � 10 

m �


� ��  �  1 � 
f �y � 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

Nu�b
 
A �� ��b�d � 2
s (Commentary, Ref. 2.2.18 ) A � 0.822 in� �fc y s 

2A �� 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) A � 1.037 in s_min s_min 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 1.37 in s_req s_req try #11@12", As = 1.56 in2 O K0.6

I-B Check Out-of-Plane Shear Capacity V13 = 24 kip/ft 

same as INTSCUT8c O K 

I-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = 6198 kip-ft F2 = 823 kip (C) 

N �� 823�kip b �� 4�ft h �� 37�ft d �� h � 5�inuM �� 6198�kip�ftui 

Nu 

Mu 

T 

Mus 

Nu 

Cchd 
As 

b 

� h �� (Commentary, Ref. 2.2.18 ) 4M �� M � N ��d � M � 2.108 � 10 kip�ftus ui u us� 2 �
 

fy

m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c
 

Mus 4 Mn

M �� M � 3.012 � � R �� (Eq. 3.8.4b, Ref. 2.2.20, ) Rn � 39.066 psi 10  kip ft n n n� 2c b d

2 m �� �Rn � � 41 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  6.541 � 10� ��  
1 
��1 � 

f �m � y �
 

Nu 2
A �� ��b�d � A � �5.812 in (tension reinf. not required----O K) s (Commentary, Ref. 2.2.18 ) s� �fc y
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

I-D Check In-Plane Shear Capacity F1 = 1283 kip 

V �� 1283�kip b �� 4�ft h �� 37�ft A �� b h d �� h � 5�inui g 

V �� 2 f psi (Eq. 11-3, Ref. 2.2.14, ) � 2.98 � 103
� 'c� �b�d V kipc c 

Vui 
� 0.718 > D/C = 0.6 N G design shear reinf.for slab similar to wall panel 

� �Vv c  

2provide #11@8" Top and Bottom: A �� 1.56�in ��  8 i� ns11 s2 

2in
Reinf. required for Out-of-Plane Moment: A �� 0.822�s_opm ft 

2A �� 2 A � A �s A � 2.572 in v s11 s_opm 2 v 

l �� 37�ft d �� 0.8�l (Section 11.10.4, Ref. 2.2.14)w w 

Av y�f �d 
V �� 3s (Eq. 11-33, Ref. 2.2.14 ) V � 6.852 � 10 kip s s2
 

Vui
 
� 0.217 < D/C = 0.6 O K 

� ��V � Vv c s� 

Load Combination II - DL+LL-SRSS 

Axial Tension: F2 = -761 kip (T) 

In-Plane Moment: M3 = -5869kip-ft 

In-Plane Shear: F1 = -1315 kip 

Out-of-Plane Moment: M22 + M12 = -194 kip-ft/ft 

Out-of-Plane Shear: V13 = -24 kip/ft 

II-A Out-of-Plane Moment with Axial Tension slab width: B �� 37�ft 

M22 + M12 = -194 kip-ft/ft F2 = -761 kip (T) 

kip�ft 761�kip kip
M �� 194� N �� N � 20.568uo u uft B ft 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

b �� 12�in h �� 48�in conc. cover for reinf.: t �� 2 i� nc 

db11 �� �1.41 in ��  � � �d h t d 1.5c b11 (2nd layer) �d 43.885 in 

b 

As 
hd 

Cc Nu 

Mu 

T 

Mus 

Nu 

� h � ft
M �� M � N ��d � � (Commentary, Ref. 2.2.18 ) M � 159.918 kip �us uo u us� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'c
 

M �b Mus n
M �� M � 177.686 kip�ft R ��  (Eq. 3.8.4b, Ref. 2.2.20, ) R � 92.262 psi n n n n� 2t b d

2 m �� �Rn � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  1.555 � 10� ��  
1 
��1 � 

f �m � y � 
Nu�b
 

A �� ��b�d � 2
s (Commentary, Ref. 2.2.18 ) A � 1.2 in � �ft y  s 

2A �� 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) A � 1.037 ins_min s_min 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 1.999 in s_req s_req try #11@8", As =2.34 in2 O K0.6

II-B Check Out-of-Plane Shear Capacity V13 = -24 kip/ft

 Shear Capacity with axial tension F2 =-761 kip (T) B � 37 ft 

2 �761�kip kip
A �� b h h � 48 in A � 576 in N �� N� � �20.568g g u uB  ft  

� Nu�b � 
V �� 2 1 � � f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 69.157 kip c �� � c c500�A �psi� g � 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

V �bkip uo
V �� 24� � 0.578 < D/C = 0.6 O Kuo ft � �V
v c
 

II-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = -5869 kip-ft F2 = -761 kip (T) 

M �� 5869 kip�ft N �� 761�kip b �� 4�ft h �� 37�ft� d �� h � 5�inui u 

b 

Cc Nu 

Mu 

T 

Mus 

Nu 
As 

hd 

� h �M �� M � N � � 3us ui u �d � (Commentary, Ref. 2.2.18 ) M � �7.892 � 10 kip�ft� 2 � us 

Axial tension Nu is large compared to moment, redesign entire section in tension 

Nu 

Mu 

T1 

Mus 

Nu 

T2 

b 

hd-d’ d 
A’s 

d’ 

As 

Mus 2(Commentary, Ref. 2.2.18 ) A' � 4.041 in d' �� 5�in A' ��s s� �f �(d � d') b y 

Nu 2A �� � A' (Commentary, Ref. 2.2.18 ) A � 10.051 in s s s� �ft y  

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 16.752 in s_req_ns s_req_ns try 12#11 (N-S), As = 18.72 sq. in. O K0.6 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

II-D Check In-Plane Shear Capacity F1 = -1315 kip F2 =-761 kip (T) 

V �� 1315 kip N �� �761�� kipui u
 

b �� 4�ft h � 37 ft A �� b h d �� h � 5�in
g
 

� Nu �
 
V �� 2 1�� � �� f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 2.767 � 103 kipc c  c500�A �psi �� g 

Vui 
� 0.792 > D/C = 0.6 N G design shear reinf.for slab similar to wall panel� �Vv c  

2provide #11@8" Top and Bottom: A � s �� 8 i� n�� 1.56 in s11 2 

2in
Reinf. required for Out-of-Plane Moment: A �� 1.2�s_opm ft 

2A �� 2 A A � A� s � 2.32 in v s11 � s_opm 2 v
 

l �� 37�ft d �� 0.8�l (Section 11.10.4, Ref. 2.2.14)
w w 

Av y�f �d 
V �� 3s s (Eq. 11-33, Ref. 2.2.14 ) V � 6.18 � 10 kip s2 

Vui 
� 0.245 < D/C = 0.6 O K 

� �  V � Vv � c s� 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

For simplicity of placing rebars, use Reinforcement as follow: 

In North-South direction (short bar): 

Provide #11@8" T & B, added Chord Bar 5#11 at east and west slab edges 

In East-West direction (long bar): 

Provide #11@8" T & B, added Chord Bar 12#11 at north and south slab edges 

#11@8” T & B 

#11@8” T & B 

5#11 
5#11 

12#11 Each Side
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Initial Handling Facility (IHF): Concrete Structure Design  51A-DBC-IH00-00100-000-00A 

6.5.3 
Roof Slab Design Loads, Column Lines 7-8 
Roof Slab EL 37'-0" 

Section cut design forces and moments, which follow a global axis system, for the roof slab at EL 37'-0" from column line 7 to 8 include in plane forces and moments: such as axial forces 
(tension/compression), in plane moment, and in plane shear. The section cut values are integrated along the section cut length, thus for INTSCUT9a the length is equal to 25' and for INTSCUT9 b 
the length is equal to 37'. Out of plane values such as out of plane bending and out of plane shear are attained by shell element forces and moments from SAP2000, which follow a local axis 
system. The out of plane bending moments provided are M11 and M22, and a third moment M12, which is a twisting moment that is combined with M22 and M11. The out of plane shear forces 
from the shell elements include V13 and V23. 
Follow notation below to convert from SAP2000 labeling (i.e. F2, M22…) to appropriate design forces and moments. 

INTSCUT9b Shell Element Forces and MomentsINTSCUT9a 
F1 = In Plane Shear M11 = Out of Plane MomentF1 = Axial Force, Compression (+) / Tension (-) 
F2 = Axial Force, Compression (+) / Tension (-) M22 = Out of Plane MomentF2 = In Plane Shear 
M3 = In Plane Moment M12 = Twisting MomentM3 = In Plane Moment 

V13 = Out of Plane Shear 
V23 = Out of Plane Shear 

Accidental torsion factor= 15% (See assumption 3.1.4) 

DL+LL Seismic (SRSS) 

Section Cu F1t F2 F3 M1 M2 M3 F1 F2 F3 M1 M2 M3 
Kip Kip Kip Kip-ft Kip-ft Kip-ft Kip Kip Kip Kip-ft Kip-ft Kip-ft 

NTSCUT9a -30 -8 - - - 30 55 233 - - - 402 
NTSCUT9b 2 -32 - - - -86 210 423 - - - 3305 

Element Forces - Area Shells D+L Element Forces - Area Shells SRSS 
MAX M11 M22 M12 V13 V23 MAX M11 M22 M12 V13 V23 
MIN Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft 
MAX 16 37 7 5 9 MAX 24 51 14 5 10
MIN -16 -48 -6 -4 -6 

Loads with accidental torsion factor Loads with accidental torsion factor 

DL+LL Seismic (SRSS) 

Section Cu F1t F2 F3 M1 M2 M3 F1 F2 F3 M1 M2 M3 
Kip Kip Kip Kip-ft Kip-ft Kip-ft Kip Kip Kip Kip-ft Kip-ft Kip-ft 

NTSCUT9a -35 -9 - - - 34 63 268 - - - 462 
NTSCUT9b 2 -37 - - - -99 242 487 - - - 3801 

Element Forces - Area Shells D+L Element Forces - Area Shells SRSS 
MAX M11 M22 M12 V13 V23 MAX M11 M22 M12 V13 V23 
MIN Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft 
MAX 19 43 9 6 11 MAX 27 58 16 5 11
MIN -18 -55 -6 -5 -7 

Maximum Load Combination Maximum Load Combination 

DL+LL+Seismic (SRSS) DL+LL-Seismic (SRSS) 

Section Cu F1t F2 F3 M1 M2 M3 F1 F2 F3 M1 M2 M3 
Kip Kip Kip Kip-ft Kip-ft Kip-ft Kip Kip Kip Kip-ft Kip-ft Kip-ft 

NTSCUT9a 28 259 - - - 496 -98 -277 - - - -428 
NTSCUT9b 244 450 - - - 3703 -239 -524 - - - -3900 

DL+LL+Seismic(SRSS) DL+LL-Seismic(SRSS) 
MAX M11 M22 M12 V13 V23 MAX M11 M22 M12 V13 V23 
MIN Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft MIN Kip-ft/ft Kip-ft/ft Kip-ft/ft Kip/ft Kip/ft 
MAX 46 102 24 11 22 MAX -9 -15 -7 1 -1 
MIN 9 3 9 0 4 MIN -46 -114 -22 -10 -19 

INTSCUT9b 
INTSCUT9a 

F1 
M22+M12 

M11+M12 

M3 

V13 & V23 North (X) F2 INTSCUT9a 
F1 

West (Y) Vertical (Z) M3 
ROOF AT ELEV. 37’-0” ---- PLAN F2 F3 

F1 

F2 

INTSCUT9b 
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Initial Handling Facility (IHF): Concrete Structure Design 

6.5.3.1 Roof Slab Design (48" thick), N-S Reinforcement - INTSCUT9a 

51A-DBC-IH00-00100-000-00A 

slab width: B �� 25�ft 

f' �� 5000�psic 

� �b � 0.9 

� �� 0.9t 

� �� 0.7c 

� ��v 0.6 

f �� 60�ksiy 

Sect. 9.3.2.1, Ref. 2.2.14 

Sect. 9.3.2.2(a), Ref. 2.2.14 

Sect. 9.3.2.2(b), Ref. 2.2.14 

Sect. 9.3.4, Ref. 2.2.14
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

Load Combination I - DL+LL+SRSS 

Axial Compression: 

In-Plane Moment: 

In-Plane Shear: 

Out-of-Plane Moment: 

Out-of-Plane Shear: 

F1 = 28 kip (C) 

M3 = 496 kip-ft 

F2 = 259 kip 

M11 + M12 = 70 kip-ft/ft 

V23 = 22 kip/ft 

I-A Out-of-Plane Moment with Axial Compression 

M11 + M12 = 70 kip-ft/ft F1 = 28 kip (C) 

kip�ft 28�kip
Muo �� 70� N ��uft B 

kip
�uN 1.12 

ft 

b �� 12�in h �� 48�in conc. cover for reinf.: 

d �� 1.41�in d �� h � t �b11 d �1.5 (2nd layer)c b11 

t ��c 2 i� n 

d � 43.885 in 

b 

As 
hd 

Cc 

T 

Nu 

Mu 
Mus 

Nu 

� h � ft
M �� M � N ��d � (Commentary, Ref. 2.2.18 ) M � 71.856 kip�us uo u � us� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 

M �b Mus n
M �� Mn � 102.651 kip  �ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 53.301 psi n n n� 2c b d

2 m n �� �R1 � � � 41 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  8.94 � 10 

m �


� ��  � 1 � 
f �y � 

Nu�b
 
A �� ��b�d � 2
s (Commentary, Ref. 2.2.18 ) A � 0.444 in � �fc y  s 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

2A �� ins_min 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) As_min � 1.037 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A ��s_req A � 0.74 in s_req try #9@12", As = 1.00 in20.6

I-B Check Out-of-Plane Shear Capacity 

Full Shear Capacity (neglect compression--- conservative) 

b � 12 in d � 43.885 in 

O K 

V �� � �c � �2 f' psi b d c 

� �v V � 44.685c kip 

Out-of-Plane Shear: 

kip
V �� 22�uo ft 

(Eq. 11-3, Ref. 2.2.14, ) �V 74.475 kip c 

V23 = 22 kip/ft 

Vuo�b 
� 0.492 < D/C = 0.6 

� �v Vc 
O K 

I-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = 496 kip-ft F1 = 28 kip (C) 

N �� ��28�kip b �� 4�ft h 25�ftuMui �� 496�kip�ft d �� h � 5�in 

b 

hd 
As 

Mu
C Nc u M 

u 

us 

NT 

M �� M � N ���d � 
h �� (Commentary, Ref. 2.2.18 ) M � 834.333 kip�ftus ui u us� 2 �
 

fy

m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 


Mus 3 Mn

M �� M � 1.192 � 10 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 3.424 psi n n n  n� 2c b d
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

2 m  �� �Rn � � 51 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  5.709 � 10� ��  
1 
��1 � 

f �m �� y � 

Nu 2A �� ��b�d � A � 0.142 in (negligible----O K)s (Commentary, Ref. 2.2.18 ) s� �fc y  

I-D Check In-Plane Shear Capacity F2 = 259 kip 

V �� 259�kip b �� � h � 25 ft A �� b h  d �� h � 5�in4 ft  �ui g 

3V �� 2 f' �psi�b�d (Eq. 11-3, Ref. 2.2.14, ) V � 2.003 � 10 kip c c c 
Vui 

� 0.216 < D/C = 0.6 O K 
� �Vv c  

Load Combination II - DL+LL-SRSS 

Axial Tension: F1 = -98 kip (T) 

In-Plane Moment: M3 = -428 kip-ft 

In-Plane Shear: F2 = -277 kip 

Out-of-Plane Moment: M11 + M12 = -68 kip-ft/ft 

Out-of-Plane Shear: V23 = -19 kip/ft 

II-A Out-of-Plane Moment with Axial Tension slab width: B �� 25�ft
 

M11 + M12 = -68 kip-ft/ft F1 = -98 kip (T) 


kip�ft 98�kip kip
M �� 68� N �� N � 3.92uo u uft B ft 

b �� 12�in h �� 48�in conc. cover for reinf.: tc �� 2 i� n 

d �� 1.41�in d �� h � t � d �1.5 (2nd layer) d � 43.885 in b11 c b11 

b 

As 
hd 

Cc Nu 

Mu 

T 

Mus 

Nu 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

h  ft  
M �� M � N ���d � �� (Commentary, Ref. 2.2.18 ) M � 61.504 kip�us uo u us� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c
 

M
us�b Mn
M �� M � 68.338 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 35.484 psi n n n n� 2t b d

� �R1 
�� 

2 m n �� � 41 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  5.939 � 10 

m �


� ��  1 � 
f �y � 

Nu�b
 
A �� ��b�d � 2
s (Commentary, Ref. 2.2.18 ) A � 0.385 in � �f st y 
  

A �� 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) � 1.037 in
s_min As_min 
2 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A ��  A � 0.642 in 2s_req s_req try #9@12", As = 100 in  O K0.6 

II-B Check Out-of-Plane Shear Capacity V23 = -19 kip/ft

 Shear Capacity with axial tension F1 =-98 kip (T) 

2 �98�kip kip
A �� b h h � 48 in A � 576 in N �� N� � �3.92g g u uB ft 

� Nu�b � 
(Eq. 11-8, Ref. 2.2.14, ) V � 73.462 kip V �� 2 1 �c �� �� c500�A �psi� g �
 

V �b
kip uo
Vuo �� 19� � 0.431 < D/C = 0.6 O K
 

ft � �V
v c  

II-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = -428 kip-ft F1 = -98 kip (T) 

M �� 428 kip ft � N �� 98 kip b �� 4�ft h �� 25�ft d �� h � 5�inui u 

f' �psi�b�dc 

As 
hd 

b 

Cc Nu 

Mu 

T 

Mus 

Nu
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� h �M �� M � N ��d �us ui u � (Commentary, Ref. 2.2.18 ) M � �756.167 kip�ft� 2 � us 

Axial tension Nu is large compared to moment, redesign entire section in tension 

b 

Nu 

Mu 

T1 

Mus 

Nu 

T2 

hd-d’ d 
A’s 

d’ 

As 

Mus 2(Commentary, Ref. 2.2.18 ) A' � 0.579 ind' �� 5�in A' ��s s� �f �(d � d') b y 
  

Nu
 2A �� � A' (Commentary, Ref. 2.2.18 ) A � 1.235 in s s s� �ft y  

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 2.059 ins_req_ns s_req_ns0.6 

try 2#11 (N-S), As = 3.12 sq. in. O K 

II-D Check In-Plane Shear Capacity F2 = -277 kip F1 =-98 kip (T) 

V �� 277 kip N ��  �  �  98�kipui u
 

b �� 4�ft h � 25 ft A �� b h d �� h � 5�in
g 

� Nu � 
V �� 2 1 � f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 1.975 � 10 kip c �� �� c c

3 
500�A �psi� g �
 

Vui
 
� 0.234 < D/C = 0.6 O K 

� �Vv c 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

6.5.3.2 Roof Slab Design (48" thick), E-W Reinforcement - INTSCUT9b slab width: B �� 37�ft 

Load Combination I - DL+LL+SRSS 


Axial Compression: F2 = 450 kip (C) 


In-Plane Moment: M3 = 3703 kip-ft 


In-Plane Shear: F1 = 244 kip 


Out-of-Plane Moment: M22 + M12 = 126 kip-ft/ft 


Out-of-Plane Shear: V13 = 22 kip/ft 


I-A Out-of-Plane Moment with Axial Compression 


M22 + M12 = 126 kip-ft/ft F2 = 450 kip (C) 


kip�ft 450�kip kip
Muo �� 126� N �� Nu � 12.162uft B ft
 

b �� 12�in h �� 48�in conc. cover for reinf.: tc �� 2 i� n
 

d �� 1.41�in d �� h � t � d �1.5 (2nd layer) d � 43.885 in
 b11 c b11 

b 

Nu 

Mu 

T 

Mus 

Nu 

Cc 
As 

hd 

� h � ft
M �� M � N ��d � (Commentary, Ref. 2.2.18 ) M � 146.154 kip�us uo u � us� 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c
 

M �b M
us n
M �� M � 208.791 kip ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 108.413� psin n n n� 2c b d

2 m �� �R1 � n � � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  1.831 � 10 

m �


� ��  �  1 � 
f �y � 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

Nu�b 
A �� �b d  �� � 2s (Commentary, Ref. 2.2.18 ) A � 0.674 in � �f sc y  

2A �� 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) A � 1.037 ins_min s_min 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A ��  A � 1.124 in s_req s_req try #11@12", As =1.56 in2 O K0.6

I-B Check Out-of-Plane Shear Capacity 

Full Shear Capacity (neglect compression--- conservative) 

b � 12 in d � 43.885 in 

V �� 2 f� ' �psi�b�dc c (Eq. 11-3, Ref. 2.2.14, ) Vc � 74.475 kip 

� �v Vc � 44.685 kip 

Out-of-Plane Shear: V23 = 22 kip/ft 

kip
V �� 22�uo ft 

V �uo b 

� �Vv c  
� 0.492 < D/C = 0.6 O K 

I-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = 3707 kip-ft F2 = 450 kip (C) 

M �� 3707ui �kip�ft Nu �� 450�kip b �� 4�ft h �� 37�ft d �� h � 5�in 

b 

hd 
As 

Mu
C Nc u M 

u 

us 

NT 

� h � 4M �� M � Nu��d � � (Commentary, Ref. 2.2.18 ) M � 1.184 � 10 kip  �ftus ui us� 2 �
 

fy

m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 


Mus 4 Mn

M �� M � 1.692 � 10 kip�ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) R � 21.95 psi n n n n� 2c b d
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� �R1 � 2 m n �� � 41 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  3.668 � 10� ��  �  1 � 
m � f �y � 

Nu 2A �� �� b�d � A � �2.986 in s (Commentary, Ref. 2.2.18 ) s (tension reinf. not required----O K )� �fc y  

I-D Check In-Plane Shear Capacity F1 = 244 kip 

V �� 244�kip b �� 4�ft h �� 37 ft A �� �� b h d �� h � 5�inui g 

V �� 2 f' � �  (Eq. 11-3, Ref. 2.2.14, ) � 2.98 � 10 kip � �psi b d  Vc 
3 

c c 

Vui 
� 0.136 < D/C = 0.6 O K 

� �Vv c  

Load Combination II - DL+LL-SRSS 

Axial Compression: F2 = -524 kip (T) 

In-Plane Moment: M3 = -3900 kip-ft 

In-Plane Shear: F1 = -239 kip 

Out-of-Plane Moment: M22 + M12 = -136 kip-ft/ft 

Out-of-Plane Shear: V23 = -19 kip/ft 

II-A Out-of-Plane Moment with Axial Tension slab width: B �� 37�ft 

M22 + M12 = -136 kip-ft/ft F2 = -524 kip (T) 

kip�ft 524�kip kip
M �� 136� N �� N � 14.162uo u uft B ft 

b �� 12�in h �� 48�in conc. cover for reinf.: t �� 2 i� nc 


d �� 1.41�in d �� h � t � d �1.5 (2nd layer) d � 43.885 in
 b11 c b11 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

b
 

As 
hd 

Cc Nu 

Mu 

T 

Mus 

Nu 

h  ft  
M �� Muo � N ���d � �� (Commentary, Ref. 2.2.18 ) Mus � 112.532 kip�us u � 2 � ft 

fy
m �� (Eq. 3.8.4a, Ref. 2.2.20, ) m � 14.118
 

0.85�f'
c 

M �b Mus n
M �� Mn � 125.036 kip  �ft R �� (Eq. 3.8.4b, Ref. 2.2.20, ) Rn � 64.923 psi n � n 2
t b d 


2 m �� �Rn � � 31 � (Eq. 3.8.5, Ref. 2.2.20, ) � �  1.09 � 10 
f �

� ��  
1 
��
�

1 � 
m � y � 

Nu�b 2A �� ��b�d � (Commentary, Ref. 2.2.18 ) A � 0.837 in s s� �ft y  

2A �� 0.0018�b�h (Sect. 7.12.5, Ref. 2.2.14 ) A � 1.037 ins_min s_min 

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 1.394 in s_req s_req try #11@12", As = 1.56 in2 O K0.6

II-B Check Out-of-Plane Shear Capacity V23 = -19 kip/ft

 Shear Capacity with axial tension F2 =-524 kip (T) B � 37 ft 

2 �524�kip kip
A �� b h  h  � 48 in A � 576 in N �� N� � �14.162g g u uB  ft  

� Nu�b � 
Vc �� 2 1� ��� � f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 70.813 kip c c500�A �psi� g � 

V bkip uo� 
V �� 19� � 0.447 < D/C = 0.6 O Kuo ft � �V
v c 
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II-C Chord Reinf. at slab edge (east and west) due to In-Plane Moment 

M3 = -3900 kip-ft F2 = -524 kip (T) 

M 3900�kip�ft N �� 524�kip b �� 4�ft h �� 37�ft d �� h � 5�inui �� u 

b 

Cc Nu 

Mu 
Mus 

Nu 
As 

hd 

T 

� h �M �� M � N � d � 3us ui u �� 2 � (Commentary, Ref. 2.2.18 ) M � �5.576 � 10 kip�ft� us 

Axial tension Nu is large compared to moment, redesign entire section in tension 

Mus 2(Commentary, Ref. 2.2.18 ) A' � 2.855 in d' �� 5�in A' ��s s� �f �(d � d')b y  

Nu 2A �� � A' (Commentary, Ref. 2.2.18 ) A � 6.849 ins s s� �ft y  

To count for D/C ratio (Demand/Capacity) = 0.6 

As 2A �� A � 11.415 in s_req_ns s_req_ns0.6 

try 8#11 (N-S), As = 12.48 sq. in. O K
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II-D Check In-Plane Shear Capacity F1 = -239 kip F2 =-524 kip (T) 

Vui �� 239�kip N �� �524�kipu
 

b �� 4�ft h � 37 ft A �� b h d �� h � 5�
� ing
 

� Nu �
 32 1 f' �psi�b�d (Eq. 11-8, Ref. 2.2.14, ) V � 2.833 � 10 kip Vc �� �� � �� c c500�A �psi� g � 

Vui 
� 0.141 close to D/C = 0.6 O K 

� �Vv c  
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For simplicity of placing rebars, use Reinforcement as follow: 

In North-South direction (short bar): 

Provide #11@8" T & B, added Chord Bar 5#11 at east and west slab edges 

In East-West direction (long bar): 

Provide #11@8" T & B, added Chord Bar 12#11 at north and south slab edges 

#11@8” T & B 

#11@8” T & B 

5#11 
5#11 

12#11 Each Side
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8 7 5 3.6 

I I I I 

/r----I.-----.. M22+M12 

West(Y) 
F2 

Vertical (Z) 
F3 V13 & V23 

INTSCUT2 

~L
1 

North (X) 
F1 LONGITUDINAL WALL AT COL. E --- ELEVATION 

Initial Handling Facility (IHF): Concrete Structure Design 51 A-DBC-I HOO-001 OO-OOO-OOA 

6.5.4 
Longitudinal Walls Design Loads, Column Lines E 

Accidental torsion factor = 15% (See assumption 3.1.4) 

Section cut design forces and moments, which follow a global axis system, for the longitudinal wall on column E between column line 3.6 and 8 include in plane forces and moments: such as axial forces 
(tension/compression), in plane moment, and in plane shear. The section cut values are integrated along the section cut length, thus for INTSCUT2 the length is equal to 115'. Out of plane values such as out 
of plane bending and out of plane shear are attained by shell element forces and moments from SAP2000, which follow a local axis system. The out of plane bending moments provided are M22 and M12, 
which is a twisting moment that is combined with M22. The out of plane shear forces from the shell elements include V13 and V23. 

Follow notation below to convert from SAP2000 labeling (Le. F2, M22...) to appropriate design forces and moments. 

Shell Element Forces and MomentsINTSCUT2 
M22 =Out of Plane Moment F2 =In Plane Shear 
M12 =Twisting Moment F3 =Axial Force, Compression (+) 
V13 =Out of Plane Shear /Tension (-) 
V23 =Out of Plane Shear M1 =In Plane Moment 

~I I I' _..!~- ;..,'" ~ 1_' .:: I:. I:" I _ -I' _I _ " 

MAX M11 M22 M12 V13 V23 M11 M22 M12 V13 V23 
MIN Kip-ftIft Kip-ftIft Kip-ftIft Kip/ft Kip/ft MAX Kip-ftIft Kip-ftlft Kip-ftIft Kip/ft Kip/ft

INTSCUT2 MAX 10 12 11 2 3 MAX 33 125 34 9 12 
MIN -8 -38 -12 -2 o 

Loads with accidental torsion factor Loads with accidental torsion factor 

MAX M11 M22 M12 V13 V23 M11 M22 M12 V13 V23 
MIN Kip-ftIft Kip-ftIft Kip-ftIft Kip/ft Kiplft MAX Kip-ftIft Kip~ftItfKip~ftIft Kip/ft Kip/ft 

INTSCUT2 MAX 11 14 12 2 3 MAX 37 144 39 10 14 
MIN -10 -44 -14 -2 o 

Maximum Load Combination Maximum Load Combination 

... ,_"",-, , \.-' = ; 
" 

F1 F2 F3 M1 M2 M3 F1 F2 F3 M1 M2 M3 MAX )ection Cu MAX ~:':"":"":-1--==""+'--':':":"":":=--:-+--=-=-+--:-":"=::,.......j
Kip Kip Kip Kip-ft Kip-ft Kip-ft Kip Kip Kip Kip-ft Kip-ft Kip-ft MIN MIN 

INTSCUT2 - 2289 7468 46515 - - - -2245 -366 -67660 - - MAX 
MIN 

F2 
INTSCUT2

-
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6.5.4.1 LONGITUDINAL NORTH WALL E, REINFORCEMENT COLUMN LINES 3.6 to 8
ILongitudinal Wall COL E-INTSCUT2---D+L-SRSS I 
Design Loads Shear Wall Section Properties Concrete & Rebar Properties 

Axial Force (-Tension) Ft = -366 kips Height of Wall (segment) hw = 35 ft Concrete Design Strength rc = 5000 psi 
Axial Force (+Comp) Fc= o kips Ht of Wall Between Floors H= 35 ft Concrete Strain Ee = 0.002 
In plane shear Vu = 2245 kips Length of Wall (Segment) Iw = 115 ft Rebar Yield Strength fy = 60 ksi 
In plane Moment Mz= 67660 ft-kips Thickness of Wall tw= 4ft Rebar Yield Strain Ey = 0.002 

Shear Area of Wall (Segment) Acv = Iw·tw= 460 ftJ\2 Min Steel Required Pmln = 0.0025 
Concrete Cover 5 in
 

Out of plane shear Vz = 15 kips/ft (Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar)
 
Out of plane Moment My = 241 ft-kipslft (M22+M12) Note: For ACI 349, see Ref. 2.2.14, for sections 1.0 to 6.0 of this design subset.
 * ~.~;m i4J!ibi»2.~!i r~mm -~ r i WM1&&&& iJ£tiW I" ~ .~2 1 , .. J3 b~~wt""~:"[ 'iIIIH"""ft.!IlII!",, ,,,,_..,_m_§·l"8i;iiii!nt ....."""'."':il~j~'BW~.i;\i} 

1.0 Check Shear on gross section - ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(fc) 112 Vn (kips) = 37471 

Factored Shear Load = Vu I ~ Vu/ljJ (kips)= 3741.7
 
(~ = .6 per ACI 349 - 9.3.4)
 

Demand Capacity Ratio
 
Check Code 21.6.5.6 Demand/Capacity Ratio D/C = (Vu/~)Nn D/C = 0.10 SHEAR WALL THICKNESS OK
 

V1Ut .'_~t:~~ W titm_~"'RMJIw.s~rJll~J~~~~S'~~_""","' .'::P;~~Yf~~'t~~~'~~iI!lr~i&Wi,k ; r~ UL __ ~; WMiJlt;
2.0 Horizontal Reinforcing Requirements 

2.0a) ACI349 - 21.6.5.3 Requirements 

Determine ac : hw Ilw = 0.30 3 ac=3 for h.)lw<1.5, acvaries linearly from 3 for h.)lw=1.5 to 2 for h.)lw=2. 
Determine Concrete Shear Capacity Vc=Acv*ac*(fc) 112 Vc= 14051.6 kips
 
Determine Shear Carried by Steel Vs=Vu/~ -Vc Vs= 0.0 kips
 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) P = 0.0000 

21.6.5.3 Shear Reinforcing Requirements Pn =0.0025 MINIMUM STEEL GOVERNS 

2.0b) ACI349 -11.10.6 Equation 11-31 Requirements
 

Determine Concrete Shear Capacity Vc= 12292.2 kips
 

Determine Shear Carried by Steel Vs=Vu/~ -Vc Vs= 0.0 kips 

Determine Required Shear Reinforcing p= 0.0000 p=Vs/(0.8*lw*tw*144*fy) 

11.10.6 - Equation 11-31 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0c) ACI349 -11.10.6 Equation 11-32 Requirements
 
Check Bounding Case MuNu -1.)2 = -27.36 MuNu-lw/2 < 0 equation 11-32 NOT APPLICABLE
 

Determine Concrete Shear Capacity Vc= N/A Vc=[O .6*fc0.5+Iw*( 1.2S*fc0.5+0.2*Ft*1000/(lw*tw*144))/(MuNu-lwl2)]*tw*0. 8*lw*144/1000 

Determine Shear Carried by Steel Vs = N/A Vs=Vu/~ -VC 
Determine Required Shear Reinforcing Requirements P = N/A p=Vs/(0.8*lw*V144*fy) 

11.10.6 - Equation 11-32 Shear Reinforcing Requirements Pn = N/A EQUATION 11-32 NOT APPLICABLE 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn = 0.0025 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in2/ft each face (Pn*12*V12/2) 

Use 1-#11@12"clc EF Asn provided = 1.56 in2
/ft each face Pn (prov)=0.00542 

2.0f) Check Demand I Capacity Ratio for In-Plane Shear:
 
D/C = 0.11 D/C=(Vu/~ )/[Vc+(Asn*2*fy*lw*V144/(12*tw*12))]
 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 34921.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: hw/lw= 0.30
 
If h.)lw>2.0, use: Pv min =0.0025+0.5(2.5-h.)lw)(Pn-0.0025)<=Pn
 

Pv (min) =0.0025 If h.)lw<=2.0, use: Pv>=Pn
 

3.0b) Check Shear Friction Requirements 

In plane shear per foot of wall: 19.52 kipslft 
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Transverse shear per ft of wall: 15.00 kips/fl (Vz)
 

Resultant Shear 24.62 kips/fl [(in-plane shead+(transverse shear)2jo.5
 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5:
 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn(MAX)= 460.8 kipsltt Vn(MAX>Resultant shear OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avf*ty*1! J.l = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 
full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = Vu/2*iPVty (steel required per face)
 
Avf= 0.24 in"2/fl (steel required on each face for shear friction))
 

Calculate steel required for net Tension force 

At = T/2*iP*ty*lw 
At = 0.03 in"2ltt (steel required on each face for direct tension) 

Steel Requirements for Shear Friction Avf + At 

Av= 0.27 in"21ft (steel required on each face for shear friction + direct tension) 

pv(req'd) = 0.0009 (Pv req'd=(2*AV)/(12*tw*12) 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0025 

3.0d) Select Vertical Reinforcing Asv required per ft on each face = 0.72 inzlft each face (Pvmin *12*lw*12/2) 

Use 1-#11@12"cJcEF Asv provided = 1.56 inzlft each face Pv (prov)= 0.00542 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = -366 kips 

iP : Strength reduction factor ( = 0.9 for tension, ACI 349 9.3.2.2), iP = 0.9 
c : Distance from compression face to neutral axis (tt)

Iw : Length of wall (tt)
 
Es max =[(Iw -c) 1cj * Ee
 

X;=I X reinforcing steel strain> E
=

w - c - (tt) (length of wall with tension steel 
=

y )2 
 

X2 X3 (Ey 1Ee) * C (tt) (length of wall with tension 1compression steel reinforcing steel strain < Ey )
 

X4 =c - X3 (tt) (length of wall with compression steel reinforcing steel strain> Ey )
 

T 1 = Xl * As * ty (kips)
 
T2= C2= 0.5 * X2* As * ty (kips)
 
C1 = X4 * As * ty (kips)
 
C = 0.85 * 0.8 * c *tw * f e * 144 (kips)
 
Balanced condition: Tension = Compression, T1+T2-C2-C1-C+Ftlcjl = O.
 
Mu : Total moment capacity = <P{T1(X2+Xl /2) + T + C(c-0.8*cJ2) + Ft(V2-c)/iP + C2(X3*2/3) + Cl(X3+~/2)},2(Xz*2/3)  (kip-tt)
 

~(ft) 

0.00 18138 

Verified that equations were correct 
c (ft) Iw - c (ft) Es max Xl (ft) XZ=X3 (ft) X4 (ft) T1 (k) Tz=Cz(k) C1 (k) C (k) T1+Tz-CZ-C1-C+Flcjl Mu (k-ft) 

10 105 0.0210 95.00 10.00 0.00 17784 936 0 19584 -2207 1019923 
11 104.0 0.0189 93.00 11.00 0.00 17409.6 1029.6 0 21542 -4539 1025480 
9 106 0.0236 97.00 9.00 0.00 18158.4 842.4 0 17626 126 1016705 

Perform Strain-Compatible Section Analysis - For Axial Force (Comp) Fc= o kips 
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lj> : Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 3499.3.2.2), 0.9000
If Fc<=O,lj>=0.9; if Fc>O, lj>=0.9-0.2*Fd(0.1*Acv*144*fJ1000) 

~(ft) 

0.00 

v 'fi d th en Ie a t reQua Ions were correc 
c (ft) Iw • c (ft) Es max X, (ft) X2=X3 (ft) ~(ft) 

10 105 0.0210 95.00 10.00 0.00 
11 104.0 0.0189 93.00 11.00 0.00 
9 106 0.0236 97.00 9.00 0.00 

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

T, (k) 
18073 

T, (k) T2=C2 (k) C, (k) C (k) T,+T2-C2-C,-C+FJ, Mu (k-ft) 
17784 936 0 19584 -1800 1037308 

17409.6 1029.6 0 21542 -4133 1042499 
18158.4 842.4 0 17626 533 1034456 

Vertical Reinforcing Ratio Provided by Design: Pv (prov)= 0.0054 1-#11@12"dc EF Pv = (2*Asv)/(12*lw*12) 
D/C = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) D/C= 0.07 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvl req = 0.0004 Pv req = P;(D/C) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pvt req = 0.00246 (per face) pfybdI\2*(1-.59pf/fc)=Mu/lj> solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0049 

DIG =pv(reqd) I Pv (prov) DIC = 0.91 Section Adequate 

4.0 Boundary Elements: 

= Pvteq'd) I pv(prov) 

0.30 <2, No Need To Check for Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete Vc=2*(fc)'I2*b*d Vc= 73.0 kips/ft width of wall 

Check Demand I Capacity Ratio: 
D/C = (out-of-plane shear Vz) I (0.85*Vc) 

DIC = 0.24 No Shear Reinforcement Required 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 ft thick wall with 1-#11@12"clc EF Horizontal Reinforcement 
1-#11@12"clc EF Vertical Reinforcement. 

For Shear on Gross Section: D/C= 0.10 
For In-Plane Shear: D/C = 0.11 
For Out-of-Plane Shear: D/C = 0.24 
Bending + axial Loads D/C = 0.91 

Boundary Elements D/C= BOUNDARY ELEMENTS NOT REQUIRED 

Initial Handling Facility (IHF): Concrete Structure Design 51 A-DBC-IHOO-001 OO-OOO-OOA 

,=
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IHOO-00100-000-00A 

ILongitudinal Wall COL E-INTSCUT2--D+L+SRSS 

Design Loads Shear Wall Section Properties Concrete & Rebar Properties 

Axial Force (-Tension) Ft = o kips Height of Wall (segment) h w = 35 ft Concrete Design Strength fc = 5000 psi 
Axial Force (+Comp) Fc = 7468 kips Ht of Wall Between Floors H= 35 ft Concrete Strain t c = 0.002 
In plane shear Vu = 2289 kips Length of Wall (Segment) Iw = 115 ft Rebar Yield Strength fy = 60 ksi 
In plane Moment Mz= 46515 ft-kips Thickness of Wall tw= 4ft Rebar Yield Strain ty = 0.002 

Shear Area of Wall (Segment) Acv = Iw*tw= 460 ftl\2 Min Steel Required Pmln = 0.0025 
Concrete Cover 5 in
 

Out of plane shear Vz = 17 kips/ft (Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar)
 
Out of plane Moment My = 209 ft-ki 1ft (M22+M12) Note: For ACI 349, see Ref. 2.2.14, for sections 1.0 to 6.0 of this design subset.
 
~'!U!""n:: ili:3ii'ttiMii:~. t f~--;~~";;::;:~'::;;::~::::::_j:i""A::.:~·_':::~:::_~i~.i.;h';;ff;;;';;;,;".¥<'1 ,."""w'", w """' ,,;.,,;..,"'. "''''._.,_"';'''',.'''''''',''''',.<t'''.""'''.,.,,..~.~.:~vT":;:"'ii'.ii'i'*~;:-r~,'::'tf',~"f(.>':0:;;ij::-c"'J;;Xh~;rt>;
1.0 Check Shear on gross section - ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8"Acv*(fc) 1/2 Vn (kips) = 37471 

Factored Shear Load = Vu I ~ Vu/~ (kips)= 3815.0
 
( ~ = .6 per ACI 349 - 9.3.4)
 

Demand Capacity Ratio
 
Check Code 21.6.5.6 Demand/Capacity Ratio D/C = (Vu/d1)Nn D/C = 0.10 SHEAR WALL THICKNESS OK
 _ ....__"""";"\ll ,.~"..AA"'!".""d',%''''''''wx,,,,· ""'*'__~_i '__."';;l''''''''':;,;,';;>'''''..__~~.;;,i;''.:.~~~~~L ~_:_._'!iiR~~7;J:~?:::f:!',"!'[5~2<6"'EiF~_Cti;;ItI1l't";:;,~:~\~"!~l~~2f!'.::r;i~.'\.~~tt~~~~f;'.~r!"!:~a:::':"""~~ji~%<ru:-.-~H ilMllIii1illi!i!\ln._~~m"tNt{~-!}~~'::jf;; 

2.0 Horizontal Reinforcing Requirements 

2.0a) ACI 349 - 21.6.5.3 Requirements 

Determine Uc : hw Ilw = 0.30 u c = 3 uc=3 for h.)lw<1.5. U cvaries linearly from 3 for h.)lw=1.5 to 2 for h.)lw=2.
Determine Concrete Shear Capacity Vc=Acv*uc*(fc) 1/2 Vc= 14051.6 kips
 
Determine Shear Carried by Steel Vs=Vu/~ -Vc Vs= 0.0 kips
 

Determine Required Shear Reinforcing p=Vs/(fy"Acv) P = 0.0000 

21.6.5.3 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0b) ACI349 -11.10.6 Equation 11-31 Requirements 
Determine Concrete Shear Capacity Vc= 12365.4 kips Vc=3.3"(fc)Os.(0.8*tw*'w)+FtO.8*'.)(4*'w) 

Determine Shear Carried by Steel Vs=Vu/~ -Vc Vs= 0.0 kips 

Determine Required Shear Reinforcing P= 0.0000 p=Vs/(0.8*lw*V144*fy) 

11.10.6 - Equation 11-31 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0c) ACI349 -11.10.6 Equation 11-32 Requirements
 
Check Bounding Case MuNu - 1.)2 = -37.18 MuNu-lw/2 < 0 equation 11-32 NOT APPLICABLE
 

Determine Concrete Shear Capacity Vc= N/A Vc=[O.6"fc0,5+Iw"(1.25*fc0,5+0.2*Ft*1 OOO/(lw*Iv,*144))/(MuNu-I.)2))*1v,*0.8*lw*144/1000 

Determine Shear Carried by Steel Vs = N/A Vs=Vu/d1-Vc 
Determine Required Shear Reinforcing Requirements p = N/A p=Vs/(0.8*lw*tw*144*fy) 

11.10.6 - Equation 11-32 Shear Reinforcing Requirements Pn = N/A EQUATION 11-32 NOT APPLICABLE 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn = 0.0025 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in2/fteach face (Pn*12*V12/2) 
2Use 1-#11@12"c/c EF Asn provided = 1.56 in /ft each face Pn (prov)=0.00542 

2.0f) Check Demand I Capacity Ratio for In-Plane Shear: 
D/C = 0.11 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 34921.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: hwllw= 0.30
 
If h.)I,?2.0, use: Pv min =0.0025+0.5(2.5-h.)lw)(Pn-0.0025)<=Pn
 

Pv (min) =0.0025 If h.)lw<=2.0, use: Pv>=Pn
 

3.0b) Check Shear Friction Requirements 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IH00-00100-000-00A 

In plane shear per foot of wall: 19.90 kips/ft (Vu/lw) 

Transverse shear per ft of wall: 17.00 kips/ft (Vz) 

Resultant Shear 26.18 kips/ft [(in-plane shear)2+(transverse shear)2]0.5 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5: 

Vn<.2f'cAv for f'c = 5000 psi Vn=1000Av 
Vn<800Av The limiting value of 800Av controls 

Vn (MAX) = 460.8 kips/ft Vn(MAX>Resultant shear ………OK 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1: 

Vn = Avf*fy*�� � = 1.0 for concrete placed against hardened concrete intentionally roughened to a 
full amplitude of 1/4 inch (ACI 349-11.7.9) 

Avf = Vu/2*�*�*fy (steel required per face) 
Avf = 0.26 in^2/ft (steel required on each face for shear friction)) 

Calculate steel required for net Tension force 

At = T/2*�*fy*lw 
At = 0.00 in^2/ft (steel required on each face for direct tension) 

Steel Requirements for Shear Friction Avf + At 

Av = 0.26 in^2/ft (steel required on each face for shear friction + direct tension) 

�v(req'd) = 0.0009 (�v req'd=(2*Av)/(12*tw*12) 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) �v = 0.0025 

3.0d) Select Vertical Reinforcing Asv required per ft on each face = 0.72 in2/ft each face (�v min *12*tw*12/2) 

Use 1-#11@12"c/c EF Asv provided = 1.56 in2/ft each face �v (prov)= 0.0054 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = 0 kips 

� : Strength reduction factor ( = 0.9 for tension, ACI 349 9.3.2.2), ����0.9 
c : Distance from compression face to neutral axis (ft) 
lw : Length of wall (ft) 
�s_max = [(lw -c) / c] * �c 

X1 = lw - c - X2 (ft) (length of wall with tension steel reinforcing steel strain > �y ) 
X2 = X3 = (�y / �c) * c (ft) (length of wall with tension / compression steel reinforcing steel strain < �y ) 
X4 = c - X3 (ft) (length of wall with compression steel reinforcing steel strain > �y ) 
T1 = X1 * As * fy (kips) 
T2 = C2 = 0.5 * X2 * As * fy (kips) 
C1 = X4 * As * fy (kips) 
C = 0.85 * 0.8 * c * tw * f'c * 144 (kips) 
Balanced condition : Tension = Compression, T1+T2-C2-C1-C+Ft/��= 0. 
Mu : Total moment capacity = ��T1(X2+X1/2) + T2(X2*2/3) + C(c-0.8*c/2) + Ft(lw/2-c)/��+ C2(X3*2/3) + C1(X3+X4/2)}, (kip-ft) 

Using Goal Seek to find "c" and "Mu" 
c (ft) lw - c (ft) �s_max X1 (ft) X2=X3 (ft) X4 (ft) T1 (k) T2=C2 (k) C1 (k) C (k) T1+T2-C2-C1-C+Ft/�� Mu (k-ft) 
9.23 105.77 0.0229 96.54 9.23 0.00 18073 864 0 18073 0.000 1034901

Verified that equations were correct 
c (ft) lw - c (ft) �s_max X1 (ft) X2=X3 (ft) X4 (ft) T1 (k) T2=C2 (k) C1 (k) C (k) T1+T2-C2-C1-C+Ft/��� Mu (k-ft) 
10 105 0.0210 95.00 10.00 0.00 17784 936 0 19584 -1800 1037308
11 104.0 0.0189 93.00 11.00 0.00 17409.6 1029.6 0 21542 -4133 1042499
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9 106 0.0236 97.00 9.00 0.00 18158.4 842.4 0 17626 533 1034456 

Perform Strain-Compatible Section Analysis - For Axial Force (Comp) Fc = 7468 kips
 

� : Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 349 9.3.2.2), ���� 0.8549
 
If Fc<=0, �=0.9; if Fc>0, �=0.9-0.2*Fc/(0.1*Acv*144*f'c/1000)
 

Using Goal Seek to find "c" and "Mu"
 
c (ft) lw - c (ft) �s_max X1 (ft) X2=X3 (ft) X4 (ft) T1 (k) T2=C2 (k) C1 (k) C (k) T1+T2-C2-C1-C+Fc/��� Mu (k-ft) 
12.97 102.03 0.0157 89.05 12.97 0.00 16671 1214 0 25406 0.000 1339039 

Verified that equations were correct 
c (ft) lw - c (ft) �s_max X1 (ft) X2=X3 (ft) X4 (ft) T1 (k) T2=C2 (k) C1 (k) C (k) T1+T2-C2-C1-C+Fc/�� Mu (k-ft) 
12 103 0.0172 91.00 12.00 0.00 17035.2 1123.2 0 23501 2270 1337211 
11 104.0 0.0189 93.00 11.00 0.00 17409.6 1029.6 0 21542 4603 1337524 
13 102 0.0157 89.00 13.00 0.00 16660.8 1216.8 0 25459 -63 1339119 

3.0f) Check Demand / Capacity Ratio for In-Plane Moment: 

Vertical Reinforcing Ratio Provided by Design : 	 �v (prov)= 0.0054 1-#11@12"c/c EF �v = (2*Asv)/(12*tw*12) 
D/C = (in-plane moment Mz) / (Min of Mu-ten, Mu-comp) 	 D/C = 0.04 

 

 

 

 

 

Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: 	 �vl req = 0.0002 �v req = �v*(D/C) 

3.0g) Consider Out-of-Plane Moment: 

)=Mu/�� solve for ��

 

 

Vertical Reinf Ratio Required for Out-of-Plane Bending: �vt req = 0.00213 (per face) �fybd^2*(1-.59�fy/f'c   Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending �v = 0.0043 = �vl+�vt > 2�vt 

D/C = �v(reqd) / � v (prov) 	 D/C = 0.78 Section Adequate = �v(req'd) / �v(prov)

4.0 Boundary Elements: 

 
 

 

hw / lw = 0.30 <2, No Need To Check for Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete Vc=2*(f'c)1/2*b*d	  Vc = 73.0 kips/ft width of wall 

Check Demand / Capacity Ratio: 
D/C = (out-of-plane shear Vz) / (0.85*Vc)  

D/C =  0.27 No Shear Reinforcement Required 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 ft thick wall with	 1-#11@12"c/c EF Horizontal Reinforcement
 
1-#11@12"c/c EF Vertical Reinforcement.
 

 
 

 

For Shear on Gross Section: D/C = 0.10
 
For In-Plane Shear: D/C = 0.11
 
For Out-of-Plane Shear: D/C = 0.27
 
Bending + axial Loads D/C = 0.78
 

 
 

  
  

Boundary Elements	 D/C=
 BOUNDARY ELEMENTS NOT REQUIRED 

 

 

 

Initial Handling Facility (IHF): Concrete Structure Design	  51A-DBC-IH00-00100-000-00A 
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Vertical (Z) 
F3 

l'------_.L....- -(y-)--------------"'
west 

North (X) F2 
F1 LONGITUDINAL WALL AT COL. F --- ELEVATION 

Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IHOO-00100-000-00A 

6.5.5 
Longitudinal Walls Design Loads, Column Line F
 
Accidental torsion factor = 15% (See assumption 3.1.4)
 

Section cut design forces and moments, which follow a global axis system, for the longitudinal wall on column F between column line 3.6 and 7 include in plane forces and moments: such as axial forces
 
(tension/compression), in plane moment, and in plane shear. The section cut values are integrated along the section cut length, thus for INTSCUT1 the length is equal to 90'. Out of plane values such as out of
 
plane bending and out of plane shear are attained by shell element forces and moments from SAP2000, which follow a local axis system. The out of plane bending moments provided are M22 and M12, which
 
is a twisting moment that is combined with M22. The out of plane shear forces from the shell elements include V13 and V23.
 

Follow notation below to convert from SAP2000 labeling (i.e. F2, M22... ) to appropriate design forces and moments.
 

Shell Element Forces and MomentsINTSCUT1 
M22 = Out of Plane Moment F2 =In Plane Shear 
M12 =Twisting Moment F3 =Axial Force, Compression (+) / Tension (-) 
V13 =Out of Plane Shear M1 = In Plane Moment 
V23 =Out of Plane Shear 

l~ '1:...1' J ~_... I., '~--: I"" , I~· j::J ' I ~ I ~-; :1~1:",111': ~ 

MAX. M11 M22 M12 V13 V23 MAX. M11 M22 M12 V13 V23 
MIN Kip-ftlft Kip-ftlft Kip-ftlft Kiplft Kip/ft Kip-ftIft Kip-ftlft Kip-ftIft Kip/ft Kip/ft 

INTSCUT1 MAX 9 39 13 2 o MAX 29 123 33 8 13 
MIN -8 -14 -11 -2 -4 

Loads with accidental torsion factor Loads with accidental torsion factor 

MAX. M11 M22 M12 V13 V23 MAX. M11 M22 M12 V13 V23
 Section Cutl---:--+---"---+-..,.--;.--t-=-'---f----,-.,-'-"---t--'-"--'--+--'--+----'--=---+--'---O---+-""':':O;:""=---+---!----'=.:-,..--j 
MIN Kip-ftlft Kip-ftlft Kip-ftlft Kip/ft Kip/ft Kip-ftlft Kip~ftlft Kip-ftlft Kip/ft Kip/ft
 

INTSCUT1 MAX 10 45 15 2 0 
I---:-,-I-N--+-_--'-9--t-.- --t-_--'13--1t---_-+----'--4--1 MAX 34 141 38 9 14
 

M 16 2

Maximum Load Combination Maximum Load Combination 

':..''': " ::..,(.,:' I 

MAX. M11 M22 M1!2 V13 V23 MAX. M11 M22 M12 V13 V23 
MIN Kip-ftlft Kip-ftlft Kip-ftlfl Kiplft Kjp/ft MIN Kip-ftlft Kip-ftlft Kip-ftlft Kip/ft Kip/ft 

INTSCUT1 MAX 44 186 53 11 15 MAX -24 -96 -24 -7 -14 
MIN 25 125 26 7 10 MIN -42 -157 -51 -11 -19 
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6.5.5.1 LONGITUDINAL SOUTH WALL F, REINFORCEMENT COLUMN LINES 3.6 to 7 
ILongitudinal Wall COL F-INTSCUT1--·D+L-SRSS 

Design Loads Shear Wall Section Properties Concrete & Rebar Properties 

Axial Force (-Tension) Ft = -257 kips Height of Wall (segment) h w = 35 fl Concrete Design Strength fc = 5000 psi
 
Axial Force (+Comp) Fc= o kips Ht of Wall Between Floors H= 35 fl Concrete Strain Ec = 0.002
 
In plane shear Vu= 2187 kips Length of Wall (Segment) Iw = 90 fl Rebar Yield Strength fy = 60 ksi
 
In plane Moment Mz= 49220 fl-kips Thickness of Wall tw = 4 fl Rebar Yield Strain Ey = 0.002
 

Shear Area of Wall (Segment) Acv =Iw*tw= 360 fll\2 Min Steel Required Pmln = 0.0025
 

Concrete Cover 5 in
 
Out of plane shear Vz = 19 kips/fl
 (Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar)

Out of plane Moment My = 208 fl-kips/fl (M22+M12)
 Note: For AC1349, see Ref. 2.2.14, for sections 1.0 to 6.0 of this design subset. 
AW NUlT:tJA fflW't!" !l"ifI1 lIi lj.iJJJ(; __"'·"!I!"Hjt::t~:~~:':::~;:::":'~"'J_""ff3?"'"_~ i,~...---:~~~~~w iJ.illtsM ~~.a:&Wli!i 1$ t.i~,ii~:'~=!2?"".__ ". 

1.0 Check Shear on gross section - ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(fc) 1/2 Vn (kips) = 29325 

Factored Shear Load = Vu I $ VU/$ (kips)= 3645.0 
( ~ = .6 per ACI 349 - 9.3.4) 

Demand Capacity Ratio 
Check Code 21.6.5.6 Demand/Capacity Ratio D/C = (Vu/$)Nn D/C = 0.12 SHEAR WALL THICKNESS OK 

~'f,.\L':'",""""'~;~"'f"¢"{~~Jll.~.J Ut;Rll-: _,_1IIIIIlllli!lli..__......,.~!ilii__,.,_.,.M""._W&~~;+::;.;:w:~}~jm:t*f~h~~~:""~-.\"';;.ff;i-"".j:1'.~~1IIIII' -J ,~~,,\ltii,_...J _M~~r: .... ... ~':~-~~::'i •• --_·;:,,;;:!';::~::':~::-~j(;Z~~

2.0 Horizontal Reinforcing Requirements 

2.0a) ACI349 - 21.6.5.3 Requirements 

Determine a.c : hw Ilw = 0.39 U c = 3 uc=3 for hwllw<1.5, U cvaries linearly from 3 for hwllw=1.5 to 2 for hwllw=2. 
Determine Concrete Shear Capacity Vc=Acv*uc*(fc) 1/2 Vc= 10996.9 kips 
Determine Shear Carried by Steel Vs=Vu/$ -Vc Vs = 0.0 kips 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) P = 0.0000
 

21.6.5.3 Shear Reinforcing Requirements Pn =0.0025 MINIMUM STEEL GOVERNS
 

2.0b) ACI 349 - 11.10.6 Equation 11-31 Requirements 
Determine Concrete Shear Capacity Vc= 9625.9 kips 

Determine Shear Carried by Steel Vs=Vu/~ -Vc Vs = 0.0 kips
 

Determine Required Shear Reinforcing p= 0.0000 p=Vs/(0.8*lw*lw*144*fy)
 

11.10.6 - Equation 11-31 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0c) ACI349 -11.10.6 Equation 11-32 Requirements 
Check Bounding Case MuNu - Iwl2 = -22.49 MuNu-lw/2 < 0 equation 11-32 NOT APPLICABLE 

Determine Concrete Shear Capacity Vc= N/A VC=[0.6*fc0 
5+lw*(1.25*fc0 

5+0.2*Ft*1000/(lw*lw*144»)I(MuNu-IJ2)]*lw*0.S*lw*144/1000 

Determine Shear Carried by Steel Vs = N/A Vs=Vu/$ -Vc
 

Determine Required Shear Reinforcing Requirements P = N/A p=Vs/(0.8*lw*tw*144*fy)
 

11.10.6 - Equation 11-32 Shear Reinforcing Requirements Pn = N/A EQUATION 11-32 NOT APPLICABLE 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn = 0.0025 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in21ft each face (Pn*12*V12/2) 

Use 1-#11@12"clc EF Asn provided = 1.56 in21ft each face Pn (prov)=0.00542 

2.0f) Check Demand I Capacity Ratio for In-Plane Shear: 
D/C = 0.14 D/C=(Vu/$)/[Vc+(Asn*2*fy*lw*lw*144/(12*tw*12))] 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 34921.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: hwllw= 0.39 
If hwllw>2.0. use: Pv min =0.0025+0.5(2.5-hwllw)(Pn-0.0025)<=Pn 

Pv (min) ~.0025 If hwllw<=2.0, use: Pv>=Pn 

3.0b) Check Shear Friction Requirements 

wall: ) 
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( Iw 

Strain Diagram 

) E c = 0.002 

Transverse shear per tt of wall: 19.00 kipsltt (Vz)
 

Resultant Shear 30.85 kipsltt [(in-plane shead+(transverse shead)o.5
 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5:
 

Vn<.2rcAv for rc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn (MAX) = 460.8 kipsltt Vn(MAX>Resultant shear OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avf*fy*ll 11 = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 
full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = VU/2*~Vfy (steel required per face)
 
Avf= 0.30 in"21tt (steel required on each face for shear friction))
 

Calculate steel required for net Tension force
 

At = T/2*~*fy*lw
 

At = 0.03 in"2ltt (steel required on each face for direct tension)
 

Steel Requirements for Shear Friction Avf + At
 

Av= 0.33 inA 2Ift (steel required on each face for shear friction + direct tension)
 

pv(req'd) = 0.0011 (Pv""l'd=(2*Av)/(12*fw*12)
 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0025
 

2
3.0d) Select Vertical Reinforcing Asv required per ft on each face = 0.72 in /ft each face (Pv min *12*t.,*12/2) 

Use 1-#11@12"clcEF Asv provided = 1.56 in2/ft each face Pv (prov)= 0.00542 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = -257 kips 

~ : Strength reduction factor ( = 0.9 for tension. ACI 349 9.3.2.2), ~= 0.9 
c : Distance from compression face to neutral axis (tt)

Iw : Length of wall (tt)
 
Es_max =[(Iw -c) 1c) * Ee
 
Xl = Iw - c - X2(tt) (length of wall with tension steel reinforcing steel strain> By)
 
X2 = X3 = (Ey 1 Ee) * C (tt) (length of wall with tension 1compression steel reinforcing steel strain < By)
 
~ = c - X3 (tt) (length of wall with compression steel reinforcing steel strain> By)
 
Tl = Xl * As • fy (kips)
 
T2= C2= 0.5 * X2* As * fy (kips)
 
Cl = ~ * As· fy (kips)
 
C = 0.85 * 0.8 * c *t., * r e * 144 (kips)
 
Balanced condition: Tension = Compression, Tl+T2-C2-Cl-C+FV~ = o.
 
Mu : Total moment capacity = ~{Tl(X2+Xl/2) + T2(X/2/3) + C(c-0.8*cl2) + Ft(lwl2-c)/~ + C2(X/2/3) + C l (X3+X4/2)}, (kip-tt)
 

0.00 14190 

v 'fi enle d th a t equations were correct 
c (ft) Iw - c (ft) Es max Xl (ft) X2=X3 (ft) ~(ft) T,(k) T2=C2(k) Cl (k) C (k) Tl+T2-C2-Cl-C+F/~ Mu (k-ft) 

7 83 0.0237 76.00 7.00 0.00 14227.2 655.2 0 13709 233 623759 
9 81.0 0.0180 72.00 9.00 0.00 13478.4 842.4 0 17626 -4433 631382 
8 82 0.0205 74.00 8.00 0.00 13852.8 748.8 0 15667 -2100 626400 

Perform Strain-Compatible Section Analysis - For Axial Force (Comp) Fc= o kips 
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ljl : Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 3499.3.2.2), .= 0.9000
 

If Fc<=O, ljl=0.9; if Fc>O, '=0.9-0.2*Fd(0.1*Acv*144*fJ1 000)
 

~(ft) 

0.00 14144 

Verified that equations were correct 
c (ft) Iw - c (ft) Es max X1 (ft) X2=X3 (ft) ~(ft) T1 (k) T2=C2(k) C1 (k) C (k) T1+T2-C2-C1-C+FJ. Mu (k-ft) 

7 83 0.0237 76.00 7.00 0.00 14227.2 655.2 0 13709 518 633525 
9 81.0 0.0180 72.00 9.00 0.00 13478.4 842.4 0 17626 -4147 640634 
8 82 0.0205 74.00 8.00 0.00 13852.8 748.8 0 15667 -1814 635909 

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

Vertical Reinforcing Ratio Provided by Design; Pv(prov)= 0.0054 1-#11@12"dcEF Pv= (2*Asv)/(12*l,;12) 
D/C = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) D/C = 0.08 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvl req = 0.0004 Pv req = p:(D/C) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pvt req = 0.00211 (per face) pfybdI\2*(1-.59pfjfc)=Mu/lj) solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0042 

4.0 Boundary Elements: 

0.39 <2, No Need To Check for Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete Vc=2*(fc)1I2*b*d Vc= 73.0 kips/ft width of wall 

Check Demand I Capacity Ratio: D/C = 0.31 No Shear Reinforcement Required 
D/C = (out-of-plane shear Vz) I (0.8S*Vc) 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 ft thick wall with 1-#11@12"clc EF Horizontal Reinforcement 
1-#11@12"c/c EF Vertical Reinforcement. 

For Shear on Gross Section: D/C= 0.12 
For In-Plane Shear: D/C= 0.14 
For Out-of-Plane Shear: D/C= 0.31 
Bending + axial Loads D/C= 0.78 

Boundary Elements D/C= BOUNDARY ELEMENTS NOT REQUIRED 

Initial Handling Facility (IHF): Concrete Structure Design 51 A-D BC-IHOO-001 OO-OOO-OOA 
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ILOngitudinal Wall COL F-INTSCUT1---D+L+SRSS 

Design Loads Shear Wall Section Properties Concrete & Rebar Properties 

Axial Force (-Tension) Ft = o kips Height of Wall (segment) hw = 35 ft Concrete Design Strength fc = 5000 psi 
Axial Force (+Comp) Fc = 6030 kips Ht of Wall Between Floors H= 35 ft Concrete Strain Ec = 0.002 
In plane shear Vu= 2095 kips Length of Wall (Segment) Iw = 90 ft Rebar Yield Strength fy = 60 ksi 
In plane Moment Mz= 24031 ft-kips Thickness of Wall tw = 4ft Rebar Yield Strain Ey = 0.002 

Shear Area of Wall (Segment) Acv= Iw*tw = 360 ft"2 Min Steel Required Pmln = 0.0025 
Concrete Cover 5 in 

Out of plane shear Vz = 15 kips/ft (Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar) 
Out of plane Moment My = 239 ft-kips/ft 

5 tiIk 1 ~~Jl~~lir.¥i;;~ lW'f , i MiL it -A®f!. 
1.0 Check Shear on gross section· ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(fc) 1/2 Vn (kips) = 29325 

Factored Shear Load = Vu / ~ Vu/~ (kips)= 3491.7
 
( ~ = .6 per ACI 349 - 9.3.4)
 

Demand Capacity Ratio
 
Check Code 21.6.5.6 Demand/Capacity Ratio D/C = (Vu/~)Nn D/C = 0.12 SHEAR WALL THICKNESS OK
 

%___ 155 k ~{:l!Z,~~fiiII'$id .l~~~~ ~.~f4~~;~:~i!:~ O_U~_ SH ~1~ ,~;;;;;;liil-1i"':~",__ ",~~~~"~·"'~:';,;r~A~'!o-~~~~..

2.0 Horizontal Reinforcing Requirements 

2.0a) ACI 349 • 21.6.5.3 Requirements 

Determine ac : hw / Iw= 0.39 a c = 3 ac=3 for hwllw<1.5, ac varies linearly from 3 for hwllw=1.5 to 2 for hwllw=2. 

Determine Concrete Shear Capacity Vc=Acv*ac*(fc) 112 Vc= 10996.9 kips 
Determine Shear Carried by Steel Vs=Vu/~ -Vc Vs= 0.0 kips 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) p = 0.0000 

21.6.5.3 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0b) ACI 349 • 11.10.6 Equation 11-31 Requirements
 

Determine Concrete Shear Capacity Vc= 9677.3 kips Vc=3.3*(fc)05*(0.8*tw*lw)+FtO.8*lwI(4*'w)
 

Determine Shear Carried by Steel Vs=Vu/~ -Vc Vs= 0.0 kips
 

Determine Required Shear Reinforcing p= 0.0000 p=Vs/(0.8*lw*tw*144*fy)
 

11.10.6· Equation 11-31 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0c) ACI 349 - 11.10.6 Equation 11-32 Requirements 
Check Bounding Case MuNu - Iwl2 = -33.53 MuNu-lw/2 < 0 equation 11·32 NOT APPLICABLE 

Determine Concrete Shear Capacity Vc= N/A Vc=[0.6*fc05+1v:(1.25*fco.5+0.2*Ft*1OOO/(Iw*tw*144))/(MuNu-I-/2)]*tw*0 .a*1v:144/1000 

Determine Shear Carried by Steel Vs = N/A Vs=Vu/~ -Vc 

Determine Required Shear Reinforcing Requirements p = N/A p=Vs/(0.8*lw*tw*144*fy) 

11.10.6 - Equation 11·32 Shear Reinforcing Requirements Pn =N/A EQUATION 11-32 NOT APPLICABLE
 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn = 0.0025
 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in2/ft each face (pn"12*tw*1212)
 

Use 1-#11@12"c/c EF Asn provided = 1.56 in2/ft each face Pn (prov)= 0.0054167 

2.0f) Check Demand / Capacity Ratio for In-Plane Shear: 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 34921.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: hw/lw = 0.39 
If hwllw>2.0, use: Pv min =0.0025+0.5(2.5-hwllw)(Pn-0.0025)<=Pn 

Pv (min) ~.0025 If hwllw<=2.0, use: Pv>=Pn 

3.0b) Check Shear Friction Requirements 

In plane shear per foot of wall: 23.28 kips/ft (Vu/l ) w
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Transverse shear per tt of wall: 15.00 kips/tt (Vz)
 

Resultant Shear 27.69 kips/tt [(in-plane shear)2+(transverse shear)2Io.5
 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5:
 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn (MAX) = 460.8 kipslft Vn(MAX>Resultant shear OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn =Avf*fy*l1 11 = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 
full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = Vu/2*cVl1*fy (steel required per face)
 
Avf= 0.27 in"2/tt (steel required on each face for shear friction»
 

Calculate steel required for net Tension force
 

At =T/2*~*fy*lw
 

At = 0.00 in"2/tt (steel required on each face for direct tension)
 

Steel Requirements for Shear Friction Avf + At
 

Av= 0.27 in"21ft (steel required on each face for shear friction + direct tension)
 

pv(req'd) = 0.0009 (Pv req'd=(2*Av)/(12*t.,*12)
 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0025
 

3.0d) Select Vertical Reinforcing Asv required per ft on each face = 0.72 in2/ft each face (Pv min *12*t.,*12/2) 

Use 1-#11@12"c/c EF Asv prOVided = 1.56 Pv (prov)= 0.0054167 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = o kips 
E. ~ Ey= 0.002 

~ : Strength reduction factor ( = 0.9 for tension, ACI 349 9.3.2.2), ~= 0.9 ~f~ 
E c : Distance from compression face to neutral axis (tt)
 c = 0.002( 'w ) 

Iw : Length of wall (tt)
 Strain Diagram 
&s_max = [(Iw -c) 1cl * Ec
 
X, = Iw - c - X2 (tt) (length of wall with tension steel reinforcing steel strain> £y)
 
X2 = X3 = (Ey 1Ee) * C (tt) (length of wall with tension 1compression steel reinforcing steel strain < £y)
 Ft 
~ = c - X3 (tt) (length of wall with compression steel reinforcing steel strain> £y)
 
T, = X, * As * fy (kips)
 1T2 =C2= 0.5 * X2* As * fy (kips)
 
C, = X4 * As * fy (kips)
 
C = 0.85 * 0.8 * c * tv; * f e * 144 (kips)
 
Balanced condition: Tension = Compression, T,+T2-C2-C,-C+Ft/~ = O.
 "~::
Mu : Total moment capacity = ~{T,(X2+X,/2) + T2(X2*2/3) + C(c-0.8*cl2) + Ft(IJ2-c)/~ + C2(X3*213) + C,(X3+~/2)}, (kip-tt)
 x, X 2 lC 2 1 

Stress Diagram lE lX 3 X 4 

~(ft) 

0.00 14144 

v 'fi d h ten Ie t a equations were correc 
c (ft) Iw  c (ft) &s max X, (ft) X2=X3 (tt) x., (tt) T, (k) T2=C2 (k) C, (k) C (k) T,+T2-C2-e,-C+FtI~ . Mu (k-tt) 

7. 83 0.0237 76.00 7.00 0.00 14227.2 655.2 0 13709 518 633525 
9 81.0 0.0180 72.00 9.00 0.00 13478.4 842.4 0 17626 -4147 640634 
8 82 0.0205 74.00 8.00 0.00 13852.8 748.8 0 15667 -1814 635909 

Perform Strain-Compatible Section Analysis - For Axial Force (Comp) Fc = 6030 kip-s

Initial Handling Facility (IHF): Concrete Structure Design 51 A-DBC-I HOO-001 OO-OOO-OOA 
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cP : Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 3499.3.2.2), tjl= 0.8535
 

If Fc<=O, cP=0.9; if Fc>O, cP=0.9-0.2*FcJ(0.1*Acv*144*f.11000)
 

~(tt) 

0.00 

Verified that eauations were correct 

13010 

c (tt) Iw - c (tt) E,; max Xl (tt) X2=X3 (tt) ~(tt) 

10 80 0.0160 70.00 10.00 0.00 
12 78.0 0.0130 66.00 12.00 0.00 
11 79 0.0144 68.00 11.00 0.00 

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

Tl (k) T2=C2 (k) Cl (k) C (k) Tl +T2-C2-Cl -C+Fc/tjl Mu (k-tt) 
13104 936 0 19584 585 825263 

12355.2 1123.2 0 23501 -4080 833257 
12729.6 1029.6 0 21542 -1748 828151 

Vertical Reinforcing Ratio Provided by Design: pv(prov)= 0.0054 1-#11@12"cJcEF Pv= (2*Asv)/(12*lw*12) 
D/C = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) D/C = 0.04 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvt req = 0.0002 Pv req = Pv*(D/G) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pvt req = 0.00244 (per face) pfybd"2*(1-.59pf/fc)=Mu/cP solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0049 

DIG =pv(reqd) I Pv (prov) D/C = 0.90 Section Adequate 

4.0 Boundary Elements: 

= pv(req'd) I pv(prov) 

0.39 <2, No Need To Check for Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete VC=2*(fc)112*b*d Vc= 73.0 kips/ft width of wall 

Check Demand I Capacity Ratio: 
D/C = (out-of-plane shear Vz) I (0.85*Vc) 

D/C = 0.24 No Shear Reinforcement Required 

6.0 Tabulate Reinforcement Requirements And DIC Ratios: 

Use 4 tt thick wall with 1-#11@12"clc EF Horizontal Reinforcement 
1-#11@12"clc EF Vertical Reinforcement. 

For Shear on Gross Section: DIC = 0.12 
For In-Plane Shear: D/C= 0.13 
For Out-of-Plane Shear: D/C= 0.24 
Bending + axial Loads DIC = 0.90 

Boundary Elements D/C= BOUNDARY ELEMENTS NOT REQUIRED 
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6.5.6 
Transverse Walls Design Loads, column line 3.6 

Section cut design forces and moments, which follow a global axis system, for the transverse wall on column line 3.6 include inplane forces and moments: such as axial forces (tension/compression), in plane 
moment, and in plane shear. The section cut values are integrated along the section cut length, thus for INTSCUT3a and INTSCUT3b the length is equal to 8.5'. Out of plane values such as out of plane 
bending and out of plane shear are attained by shell element forces and moments from SAP2000, which follow a local axis system. The out of plane bending moments provided are M22 and M12, which is a 
twisting moment that is combined with M22. The out of plane shear forces from the shell elements include V13 and V23. From comparison of loads at INTSCUT3a and INTSCUT3b, loads at INSCUT3b are 
smaller than INTSCUT3a (except M2, but the difference is negligible). Thus, use loads from INTSCUT3a for designing both wall piers. 
Follow notation below to convert from SAP2000 labeling (i.e F1, M22... ) to appropriate design forces and moments. 

t) :!' I ....<" '. :,"; !_, :~ I::J '::.J' 1 ' -. 1_ 

MAX. M11 M22 M12 V13 V23 
MIN t-:-K~ip;';;"._':-'ftl':":'"ft+-K"";'i=p._:::::ftI":-:ft+K"";i=p._..::'ftI~ft+-:K"':"i":"PJ/::-ft+-K~i=PIf"'='ft-l 

MAX 5 27 12 1 0 
MIN -5 -4 -11 -1 -3 

MAX. M11 M22 M12 V1)3 
Kip-ftlft Kip-ftlft Kip-ft/ft Kip/ft 

MAX 16 36 13 7 

V23 
Kipfft 

6 

Loads with accidental torsion factor Loads with accidental torsion factor 

Maximum Load Combination Maximum Load Combination 

NTSCUT3 
NTSCUT3 

E F 

INTSCUT3a & INTSCUT3b 
Shell Element Forces and Moments F1 =In Plane Shear 
M22 = Out of Plane Moment F3 = Axial Force, Compression (+) / Tension (. 
M12 =Twisting Moment ) 
V13 = Out of Plane Shear M2 =In Plane Moment 
V23 = Out of Plane Shear 

Accidental torsion factor = 15% (See assumption 3.1.4) 

I I 

..... 

I M22+M12 

Vertical (Z) 
F3 

INTSCUT3aINTSCUT3b

L ......I....._.....li~ ~__....L.._ -.J1 
------ North (X) 

VVest(Y) F1 
F2 

TRANSVERSE WALL AT COL. 3.6 ---- ELEVATION 
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6.5.6.1 TRANSVERSE WALL REINFORCEMENT, COLUMN LINE 3.6 
ITransverse Wall COL 3.6-INTSCUT3a--D+L-SRSS I 

Design Loads Shear Wall Section Properties Concrete & Rebar Properties 

Axial Force (-Tension) Ft = -854 kips Height of Wall (segment) hw= 26.08 ft Concrete Design Strength fc = 5000 psi 
Axial Force (+Comp) Fc= o kips Ht of Wall Between Floors H= 26.08 ft Concrete Strain Be = 0.002 
In plane shear Vu= 369 kips Length of Wall (Segment) Iw = 8.5 ft Rebar Yield Strength fy = 60 ksi 
In plane Moment Mz= 4304 ft-kips Thickness of Wall tw = 4ft Rebar Yield Strain By = 0.002 

Shear Area of Wall (Segment) Acv = Iw*tw = 34 ft"2 Min Steel Required Prnln = 0.0025 
Concrete Cover 5 in 

Out of plane shear Vz = 10 kips/ft (Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar) 
Out of plane Moment 
~~~~~I~_-_ili!!lm

My = 75 ft-kips/ft __IlII.""'-'IlIII!I~~_"~_k:"-''':''.·~·:__''''_--l~ 
(M22+M12) .,ai;a... £~·__ ~~....·~ • __ Note: For ACI 349, see Ref. 2.2.14, for sections 1.0 to 6.0 of this design subset. .t__~J~.laim IIIlii~u..I••. ....... Ji~K!iii~oii.!!iI_li!_iiii!!l;.,lImiiULioi !!l!IttBn il!.. j,.lJ4~fi.f,.'ili'&fi .·,_·
'"I'liI__

1.0 Check Shear on gross section - ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(fc) 112 Vn (kips) = 2770 

Factored Shear Load = Vu I lj) VU/lj) (kips)= 615.0 
(lj) = .6 per ACI 349 - 9.3.4)
 

Demand Capacity Ratio
 
Check Code 21.6.5.6 Demand/Capacity Ratio D/C = (Vu/lj»Nn D/C = 0.22 SHEAR WALL THICKNESS OK
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2.0 Horizontal Reinforcing Requirements 

2.0a) ACI 349 - 21.6.5.3 Requirements 

Determine U c : hw Ilw= 3.07 U c = 2 uc=3 for hwllw<1.5, U c varies linearly from 3 for hwllw=1.5 to 2 for hwllw=2. 
Determine Concrete Shear Capacity Vc=Acv*uc*(fc) 112 Vc= 692.4 kips 
Determine Shear Carried by Steel Vs=VU/lj) -Vc Vs= 0.0 kips 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) P = 0.0000 

21.6.5.3 Shear Reinforcing Requirements Pn =0.0025 MINIMUM STEEL GOVERNS 

2.0b) ACI349 -11.10.6 Equation 11-31 Requirements
 

Determine Concrete Shear Capacity Vc= 743.2 kips
 

Determine Shear Carried by Steel Vs=Vu/lj)-Vc Vs= 0.0 kips
 

Determine Required Shear Reinforcing p= 0.0000 p=Vs/(0.8*lw*lw*144*fy)
 

11.10.6 - Equation 11-31 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0c) ACI 349 - 11.10.6 Equation 11-32 Requirements
 
Check Bounding Case MuNu - Iwl2 = 7.41 Equation 11-32 APPLICABLE
 

Determine Concrete Shear Capacity Vc= 406.432831 Vc=[0.6*fcv.,+Iw*(1.2s*rcv·'+0.2*Ft*1 000/(1w*lw* 144»/(MuNu-I.,I2»*tw*O.S*1w*144/1000
 

Determine Shear Carried by Steel Vs = 208.567169 Vs=Vu/lj)-Vc
 

Determine Required Shear Reinforcing Requirements P = 0.0009 p=Vs/(0.8*lw*lw*144*fy)
 

11.10.6 - Equation 11-32 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS
 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn =0.0025
 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in2/ft each face (Pn*12*lw*1212)
 

Use 1-#11@12"clc EF Asn provided = 1.56 in2/ft each face Pn (prov)=0.00542
 

2.0f) Check Demand I Capacity Ratio for In-Plane Shear:
 
D/C= 0.31 D/C:=(\I'u/<b)/rv,c+(J~n··2*fv*1 *tw*144/(12*lw*12»)
 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 34921.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: hw/lw = 3.07 
If hwllw>2.0, use: Pv min =0.0025+0.5(2.5-hwflw)(Pn-0.0025)<=Pn 

Pv (min) =0.0025 If hwllw<=2.0, use: Pv>=Pn 

3.0b) Check Shear Friction Requirements 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IHOO-00100-000-00A 

In plane shear per foot of wall: 43.41 kips/ft (Vu/lw) 

Transverse shear per ft of wall: 10.00 kips/ft (Vz) 

Resultant Shear 44.55 kips/ft [(in-plane shear)2+(transverse shear)2t·s 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5: 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn(MAX)= 460.8 kips/ft Vn(MAX>Resultant shear OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avf'fy*1l Il = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 
full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = VU/2*1jl*Il*fy (steel required per face)
 
Avf = 0.44 in"21ft (steel required on each face for shear friction))
 

Calculate steel required for net Tension force 

At = T/2*Ijl*fy*lw 
At = 0.99 in"21ft (steel required on each face for direct tension) 

Steel Requirements for Shear Friction Avf + At 

Av= 1.42 in"21ft (steel required on each face for shear friction + direct tension) 

pv(req'd) = 0.0049 (Pv req'd=(2*Av)/(12*t,/1 2) 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0049 

23.0d) Select Vertical Reinforcing Asv required per ft on each face = 1.42 in /ft each face (Pv min *12*t,/1212) 

Use 1-#11@6"clc EF Asv provided = 3.12 in2/ft each face Pv (prov)= 0.01083 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = -854 kips 

Ijl : Strength reduction factor ( = 0.9 for tension, ACI 349 9.3.2.2), Ijl= 0.9 
c : Distance from compression face to neutral axis (ft)
 
Iw : Length of wall (ft)
 
Es_max = [(Iw -c) 1c) * Ee
 
X1 = Iw - c - X2 (ft) (length of wall with tension steel reinforcing steel strain> f:y )
 

X2 = X3 = (Ey 1Ee) * C (ft) (length of wall with tension 1compression steel reinforcing steel strain < f:y
 ) 

~= c - X3 (ft) (length of wall with compression steel reinforcing steel strain> f: y
 ) 

T1= X1* As * fy (kips)
 
T2= C2= 0.5 * X2* As * fy (kips)
 
C1= ~ * As * fy (kips)
 
C = 0.85 * 0.8 * c *tw * f e * 144 (kips)
 
Balanced condition: Tension = Compression, T1+T2-C2-CrC+FtI~= o.
 
Mu : Total moment capacity = Ijl{T1(X2+X1/2) + T2(X2*213) + C(c-0.8*cl2) + Ft(I.J2-c)/~ + C2(X3*213) + C1(X3+~/2)}, (kip-ft)
 

>C.t(ft) T,(k) 
0.00 2565 

Verified that equations were correct 
c (ft) Iw  c (ft) Es max X1(ft) X2=X3 (ft) X4 (ft) T1(k) T2=C2(k) C1(k) C (k) T1+T2-C2-C1-C+F"~ Mu (k-ft) 

2 6.5 0.0065 4.50 2.00 0.00 1684.8 374.4 0 3917 -3181 9652 
1 7.5 0.0150 6.50 1.00 0.00 2433.6 187.2 0 1958 -474 7815 

0.5 8 0.0320 7.50 0.50 0.00 2808 93.6 0 979 880 7859 

E. 

(

~ .",=0.002 

~f~ 
E = 0.002cIw ) 

Strain Diagram 
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Initial Handling Facility (IHF): Concrete Structure Design	 51 A-DBC-I HOO-OO1OO-OOO-OOA 

Perform Strain-Compatible Section Analysis - For Axial Force (Comp)	 Fc = o kips 

$ : Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 3499.3.2.2), 41= 0.9000
 

If Fc<=O, $=0.9; if Fc>O, $=0.9-0.2*Fd(0.1*Acv*144*fc!1 000)
 

~(tt) 

0.00 

v 'fi d th en Ie ta ~uarIons were correc 

2302 

c (tt) Iw ' c (tt) Eo max Xl (tt) X2=X3 (tt) ~(tt)

1 7.5 0.0150 6.50 1.00 0.00 
3 5.5 0.0037 2.50 3.00 0.00 
2 6.5 0.0065 4.50 2.00 0.00 

Tl (k) T2=C2(k) Cl (k) C (k) Tl+T2-C2-C1-G+Fc/ljl Mu (k-tt)
2433.6 187.2 0 1958 475 10591 

936 561.6 0 5875 -4939 15120
1684.8 374.4 0 3917 -2232 11573

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

Vertical Reinforcing Ratio Provided by Design: Pv(prov)= 0.0108 1-#11@6"dcEF Pv= (2*Asv)/(12*tw*12) 
D/C = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) D/C = 0.55 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvlreq= 0.0060 Pv req = p:(D/C) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pvt req = 0.00076 (per face) pfybdI\2*(1-.59pf/fc)=Mu/$ solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0068 

DIG = D/C = 0.62 Section Adequate = pv(req'd) I Pv(prov) 

4.0 Boundary Elements: 

3.07 Concrete Strain limited to .002 No Need To Check for Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete VC=2*(fc)112*b*d Vc= 73.0 kipslft width of wall 

Check Demand I Capacity Ratio: D/C = 0.16 No Shear Reinforcement Required 
D/C = (out-of-plane shear Vz) I (0.85*Vc) 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 tt thick wall with	 1-#11@12"clc EF Horizontal Reinforcement
 
1-#11@6"c/c EF Vertical Reinforcement.
 

For Shear on Gross Section: D/C = 0.22
 
For In-Plane Shear: D/C = 0.31
 
For Out-of·Plane Shear: D/C = 0.16
 
Bending + axial Loads D/C = 0.62
 

Boundary Elements D/C=	 BOUNDARY ELEMENTS NOT REQUIRED 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IHOO-00100-000-00A 

ITransverse Wall COL 3.6-INTSCUT3a··-D+L+SRSS 

Design Loads Shear Wall Section Properties Concrete & Rebar Properties 

Axial Force (-Tension) Ft= o kips Height of Wall (segment) hw = 26.08 ft Concrete Design Strength fc = 5000 psi 
Axial Force (+Comp) Fc= 1461 kips Ht of Wall Between Floors H= 26.08 ft Concrete Strain £c = 0.002 
In plane shear Vu= 368 kips Length of Wall (Segment) Iw = 8.5 ft Rebar Yield Strength fy = 60 ksi 
In plane Moment Mz= 4723 ft-kips Thickness of Wall tw= 4ft Rebar Yield Strain Ey = 0.002 

Shear Area of Wall (Segment) Acv = Iw*tw= 34 ftA2 Min Steel Required Pmln = 0.0025 
Concrete Cover 5 in 

Out of plane shear Vz = 9 kips/ft (Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar) 
Out of plane Moment My = 102 ft-kips/ft (M22+M12) Note: For ACI 349, see Ref. 2.2.14, for sections 1.0 to 6.0 of this design subset. _______"",::;i:;:;;t~~D'~Iif%~~_ ':2 ;1.1ITI~:t~~;!.!:r~.;;.,..~_-.~"'_~·:lSZa_.iilliij__&12&1.!.Ul.UW*~t;;i¥;;~":;s::;'+:!l:::r{1'"~.m _; i ii~~n;j{', :';'.iLfl[ DB: ! :Ii,f,ilmlil:Wl T.~[l;~~1ll iUiSi;rBJ&l"~"",_.j ~~~~'};~\\[oA.2II_§IEl!!~!i.".J _m__,~~11 

1.0 Check Shear on gross section· ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(fc) 1/2 Vn (kips) = 2770 

Factored Shear Load = Vu I ~ VU/~ (kips)= 613.3
 
(~ = .6 per ACI349 - 9.3.4)
 

Demand Capacity Ratio
 
Check Code 21.6.5.6 Demand/Capacity Ratio D/C = (Vu/~)Nn D/C = 0.22 SHEAR WALL THICKNESS OK
 

~-'&~~:",;,iri:;S."f,:~U- --- °r_ - - -- - , k~~.~ h_t.;;i·.h'!.;;/t~::~~¥~r__•..lIllt lIIIlw..eii:'::.t;~l4iJm. ~=mmr).':.~ ~1lI!?_1 ~{!>ml:~. .ltP;~~~.,,::~~~::~:;:::~.;,::~i',t"J.;',.'~,.~; 

2.0 Horizontal Reinforcing Requirements 

2.0a) ACI349 ·21.6.5.3 Requirements 

Determine Uc : hwIlw= 3.07 u c = 2 uc=3 for hj1w<1.5. U cvaries linearly from 3 for hjlw=1.5 to 2 for hjlw=2. 
Determine Concrete Shear Capacity Vc=Acv*u/(fc) 1/2 Vc= 692.4 kips
 
Determine Shear Carried by Steel Vs=Vu/~ -Vc Vs= 0.0 kips
 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) p = 0.0000 

21.6.5.3 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0b) ACI349 -11.10.6 Equation 11·31 Requirements
 

Determine Concrete Shear Capacity Vc= 914.0 kips Vc=3.3*(fc)oS*(0.8*tw*'w)+F,*0.8*lj(4*'w)
 

Determine Shear Carried by Steel Vs=Vu/¢J -Vc Vs= 0.0 kips 

Determine Required Shear Reinforcing p= 0.0000 p=Vs/(0.8*lw*tw*144*fy) 

11.10.6· Equation 11-31 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0c) ACI349 -11.10.6 Equation 11-32 Requirements
 
Check Bounding Case MuNu - Ij2 = 8.58 Equation 11·32 APPLICABLE
 

Determine Concrete Shear Capacity Vc= 508.977895 Vc=[0.6*fc05+lw*(1.25*fc05+0.2*Ft*1 000/(Vtw*144 ))/(MuNu-Iw'2)]*tw*0.8*1,.*144/1000 

Determine Shear Carried by Steel Vs = 104.355439 Vs=Vu/~ -Vc 
Determine Required Shear Reinforcing Requirements P = 0.0004 p=Vs/(0.8*lw*tw*144*fy) 

11.10.6· Equation 11-32 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn = 0.0025 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in-Itt each tace (Pn*12*tw*1212) 

Use 1-#11@12"c/c EF Asn provided = 1.56 in-Itt each tace Pn (prov)=0.00542 

2.0f) Check Demand I Capacity Ratio for In·Plane Shear:
 
D/C = 0.29
 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 34921.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: hw/lw = 3.07
 
If hj1w>2.0. use: Pv min =0.0025+0.5(2.5-hjlw)(Pn-0.0025)<=Pn
 

Pv (min) =0.0025 If hj1w<=2.0, use: Pv>=Pn
 

3.0b) Check Shear Friction Requirements 
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In plane shear per foot of wall: 43.29 kipslft 

Transverse shear per ft of wall: 9.00 kipslft (Vz)
 

Resultant Shear 44.22 kips/ft [(in-plane shear)z+(transverse shear)zjo.5
 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5: 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn(MAX)= 460.8 kipslft Vn(MAX>Resultant shear ...•••...OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avf*fy*~ ~ = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 
full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = Vu/2*clJVfy (steel required per face)
 
Avf= 0.43 inA2/ft (steel required on each face for shear friction»
 

Calculate steel required for net Tension force
 

At = T/2*4>*fy*lw
 
At = 0.00 inA2Ift (steel required on each face for direct tension)
 

Steel Requirements for Shear Friction Avf + At
 

Av= 0.43 inA 2Ift (steel required on each face for shear friction + direct tension) 

pv(req'd) = 0.0015 (Pv reQ'd=(2*Av)/(12*tw*12) 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0025 

3.0d) Select Vertical Reinforcing Asv required per ft on each face = 0.72 in2
/ft each face (Pv min *12*tw*1212) 

Use 1-#11 @6"c/cEF Asv provided = 3.12 in2/ft each face Pv (prov)= 0.01083 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = o kips 
ES~~

4> : Strength reduction factor ( = 0.9 for tension, ACI 3499.3.2.2), <jl= 0.9 ~~==Zd 
c : Distance from compression face to neutral axis (ft)
 ( ~ ) 
Iw : Length of wall (ft)
 Strain Diagram 
E,_max = [(Iw -c) 1cj * Ec
 

Xl = Iw - c - Xz(ft) (length of wall with tension steel reinforcing steel strain> Ey )
 

Xz =X3 =(Ey 1Ec ) * c (ft) (length of wall with tension 1compression steel reinforcing steel strain < f:y )
 
X4 = c - X3 (ft) (length of wall with compression steel reinforcing steel strain> Ey )
 

Tl = Xl * As * fy (kips)
 
Tz = Cz= 0.5 * Xz * As * fy (kips)
 
Cl = X4 * As * fy (kips)
 
C = 0.85 * 0.8 * c * V f c * 144 (kips)
 

y Balanced condition: Tension = Compression, T l +TZ-Cz-C l -C+Ftl4> = o.
 
X1 X2 Mu : Total moment capacity = 4>{Tl (XZ+Xl /2) + Tz(Xz*2/3) + C(c-0.8*c/2) + F1(lwl2-c)/<jl + Cz(X3*213) + Cl (X3+Xi2)}, (kip-ft)
 C 2 1 

Stress Diagram ' x " x.)
3 

0.00 2302 

V T d h en Ie rt at eaua Ions were correc 
c (ft) Iw - c (ft) Es max Xl (ft) X2=X3 (ft) X4 (ft) Tl (k) T2-C2 (k) Cl (k) C (k) Tl +T2-C2-Cl -C+F/clJ Mu (k-ft) 

1 7.5 0.0150 6.50 1.00 0.00 2433.6 187.2 0 1958 475 10591 
3 5.5 0.0037 2.50 3.00 0.00 936 561.6 0 5875 -4939 15120 

Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IHOO-00100-000-00A 
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2 6.5 0.0065 4.50 2.00 0.00 

Perform Strain-Compatible Section Analysis - For Axial Force (Comp) 

1684.8 374.4 o 3917 -2232 11573 

Fc = 1461 kips 

4> : Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 3499.3.2.2), cjl= 0.7806 
If Fc<=O, 4>=0.9; if Fc>O, 4>=0.9-0.2*FcI(0.1*Acv*144*fJ1000) 

0.00 

Veri·tiedI that equations were correct 
c (ft) Iw - c (ft) Es max Xl (ft) X2=X3 (ft) ~(ft) 

1 7.5 0.0150 6.50 1.00 0.00 
3 5.5 0.0037 2.50 3.00 0.00 
2 6.5 0.0065 4.50 2.00 0.00 

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

1784 

T1 (k) T2=C2 (k) C1 (k) C (k) T1+T2-C2-Cl-C+Fc!cjl Mu (k-ft) 
2433.6 187.2 0 1958 2347 13934 

936 561.6 0 5875 -3068 14941 
1684.8 374.4 0 3917 -360 13325 

Vertical Reinforcing Ratio Provided by Design: Pv (prov)= 0.0108 1-#11@6"c/cEF Pv = (2*Asv)/(12*tw*12) 
D/C = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) D/C = 0.45 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvl req = 0.0048 Pv req = Pv*(D/C) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pvtreq = 0.00103 (per face) pfybdI\2*(1-.59pf/fc)=Mu/4> solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0059 

DIG =pv(reqd) I Pv (prov) D/C = 0.54 Section Adequate 

4.0 Boundary Elements: 

= pv(req'd) I pAprov) 

3.07 Concrete Strain limited to .002 No Need To Check for Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete Vc=2*(fc)'I2*b*d Vc = 73.0 kipslft width of wall 

Check Demand I Capacity Ratio: 
D/C = (out-of-plane shear Vz) I (0.85*Vc) 

D/C = 0.15 No Shear Reinforcement Required 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 ft thick wall with 1-#11@12"c1c EF Horizontal Reinforcement 
1-#11@6"c/cEF Vertical Reinforcement. 

For Shear on Gross Section: D/C = 0.22 
For In-Plane Shear: D/C = 0.29 
For Out-of-Plane Shear: D/C = 0.15 
Bending + axial Loads D/C = 0.54 

Boundary Elements D/C= BOUNDARY ELEMENTS NOT REQUIRED 

Initial Handling Facility (IHF): Concrete Structure Design 51 A-DBC-IHOO-001 OO-OOO-OOA 
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F2 

TRANSVERSE WALL AT COL. 5 ---- ELEVATION 

Initial Handling Facility (IHF): Concrete Structure Design 51 A-DBC-IHOO-001 OO-OOO-OOA 

6.5.7 
Transverse Walls Design Loads, Column Line 5 

Section cut design forces and moments, which follow a global axis system, for the transverse wall on column line 5 include inplane forces and moments: such as axial forces (tension/compression), in plane 
moment, and in plane shear. The section cut values are integrated along the section cut length, thus for INTSCUT4a and INTSCUT4b the length is equal to 8,5', Out of plane values such as out of plane 
bending and out of plane shear are attained by shell element forces and moments from SAP2000, which follow a local axis system. The out of plane bending moments provided are M22 and M12, which is 
a twisting moment that is combined with M22. The out of plane shear forces from the shell elements include V13 and V23. 

Follow notation below to convert from SAP2000 labeling (i.e F1, M22... ) to appropriate design forces and moments. 

Shell Element Forces and Moments 
INTSCUT4a & INTSCUT4b M22 =Out of Plane Moment 
F1 = In Plane Shear M12 =Twisting Moment 
F3 = Axial Force, Compression (+) / Tension (-) V13 = Out of Plane Shear 
M2 =In Plane Moment V23 =Out of Plane Shear 

Accidental torsion factor = (See assumption 3.1.4) 

MAX.M~~ M22 M12 V13 '123 MAX. M11 M22 M12 V13 V23 
MIN I-:-K-="ip"-'.a':-"ftl~ftkK..,:;ip:.:.:.-'i"'ftl'='ft+. K-=.i=P·-~ftI:",ft+-:-K=:-'iP=I/f':-t +-:-K":";ip::";,/O--.jft Kip-fUft Kip-ftlft Kip-ftlft Kip/ft Kip/ft 
MAX 7 41 10 2 3 MAX 111 82 76 34 26 
MIN -8 -28 -10 -4 -5 

Loads with accidental torsion factor Loads with accidental torsion factor 

_ I::'" ,':..., ~l'--::: !:.._~ I:":'" ,A_ ':\_

MAX. M11 M:22 M12 V13 V23 MAX. M11 M22 M12 V13 V23 
MIN I-:-K-="jp"-'.af'="UT:'ftkK"':;iP=·-""'ftI'='ft+K-=i=p.-~fU:"'ft-t-':-K~iP;;"';i/f':-t +-:-K-='jp::";J/f':-'lt Kip-ftlft Kip-ftlftKip-fUft Kip/ft Kip/ft 

NTSCUT4 MAX 9 47 11 3 3 MAX 128 94 88 39 29NTSCUT4 MIN -10 -32 -12 -4 -6 

Maximum Load Combination Maximum Load Combination 

NTSCUT4 
NTSCUT4 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IHOO-00100-000-00A 

6.5.7.1 TRANSVERSE WALL REINFORCEMENT, COLUMN LINE 5 
ITransverse Wall COL 5-INTSCUT4a-·-D+L-5RSS I 
Design Loads Shear Wall Section Properties Concrete & Rebar Properties 

Axial Force (-Tension) Ft = -812 kips Height of Wall (segment) 
Axial Force (+comp) Fc= o kips Ht of Wall Between Floors 
In plane shear Vu= 553 kips Length of Wall (Segment) 
In plane Moment Mz= 4366 ft-kips Thickness of Wall 

Shear Area of Wall (Segment) 

hw = 
H= 
Iw = 
tw= 

Acv = Iw*tw= 

35 ft 
35 ft 

8.5 ft 
4ft 

34 ft"2 

Concrete Design Strength 
Concrete Strain 
Rebar Yield Strength 
Rebar Yield Strain 
Min Steel Required 
Concrete Cover 

fc = 5000 
Ec = 0.002 
fy = 60 
Ey = 0.002 

Pmln = 0.0025 
5 

psi 

ksi 

in
 
Out of plane shear Vz = 43 kips/ft 
Out of plane Moment t: My = 'IIi' :I Rd· .. 226 ft-kips/ft (M22+M12)

,~::.~i., .. :ft'Ii:""J:Ilt! 

(Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar)
 
...Note: For ACI349,• liB Usee Ref. 2.2.14, for sections 1.0 to 6.0 of this design subset. __ 2.t/,h!,ji"'<""!§_~.J !>ll1tr"":n""."'~_. !IiIl!itiI<!lnlll .fIJl!""__ .. Mi""itf!'i!lnm l.


1.0 Check Shear on gross section - ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(rc) 1/2 Vn (kips) = 2770 

Factored Shear Load = Vu I cjl 
(cjl = .6 per ACI 349 - 9.3.4)
 

Vu/cjl (kips)= 921.7 

Demand Capacity Ratio
 
Check Code 21.6.5.6 Demand/Capacity Ratio ',d ,YB. R: tI ~'i;;;><i~;~~~~tM£.,jI 

2.0 Horizontal Reinforcing Requirements 

D/C = (Vu/cjl)Nn ii0171:ai , .... __"" rilli ;;-Aiii\\i£.g-a:1l.r~'Jll"'..... .. _J D/C = 0.33
..."'r'mJ~r~ 

2.0a) ACI 349 - 21.6.5.3 Requirements 

Determine ac : hwIlw= 4.12 a c = 2 ac=3 for hwIlw<1.5, ac varies linearly from 3 for hwllw=1.5 to 2 for hwllw=2. 
Determine Concrete Shear Capacity Vc=Acv*ac*(rc) 1/2 

Determine Shear Carried by Steel Vs=Vu/cjl -Vc 
Vc= 692.4 kips 
Vs= 229.3 kips 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) p = 0.0008 

21.6.5.3 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0b) ACI 349 -11.10.6 Equation 11-31 Requirements
 

Determine Concrete Shear Capacity Vc= 751.6 kips Vc=3.3*(rc)os*(0.8*lw*lw)+FtO.8*lwI(4*Iw)
 

Determine Shear Carried by Steel Vs=Vu/cjl-Vc Vs= 170.1 kips
 

Determine Required Shear Reinforcing p= 0.0007 p=Vs/(0.8*lw*lw*144*fy)
 

11.10.6· Equation 11-31 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS
 

2.0c) ACI349 -11.10.6 Equation 11-32 Requirements
 
Check Bounding Case MuNu - Iwl2 = 3.65 Equation 11-32 APPLICABLE
 

Determine Concrete Shear Capacity Vc= 670.514927 Vc=[0.6*rco5+V (1.25*rco5+0.2*Ft*1 OOO/(lw*V144))/(MuNu-1.I2))*t,.*O.S·V144/1 000
 

Determine Shear Carried by Steel Vs = 251.151739 Vs=Vu/cjl-Vc
 

Determine Required Shear Reinforcing Requirements p = 0.0011 p=Vs/(0.8*lw*lw*144*fy)
 

11.10.6 - Equation 11-32 Shear Reinforcing Requirements Pn =0.0025 MINIMUM STEEL GOVERNS
 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn = 0.0025
 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in2/ft each face (Pn*12*l,.*1212)
 

Use 1-#11@12"c/c EF Asn provided = 1.56 in2
/ft each face Pn (prov)= 0.0054167
 

2.0f) Check Demand I Capacity Ratio for In-Plane Shear:
 
D/C = 0.41 D/C=(Vu/cjl)/[Vc+(Asn*2*fy*lw*lw*144/(12*lw*12)))
 

~e Jf~~~_~:,tdtLi~~if>2"fFM~~\iJj;~~':t;sf~M1tWnF5 :-~,_: __~~:;::~\l1l; lIlIlI'lImll11i1.~~;"f·~~~IIIII.IIIIIIIIl! IIlFIIIII_,Dll:'iif~".::.~~:~~r.~~~i,~~-~1tf~il!I ._UIIlI__ __iti!:I1Ii[:~~'~fr~~U!~~~A ·iIIit1¥il4iij:;:~;'fi~:~:;~'i>'l?ji;C'M_~ : I .:~~r1fW1t:i~~~

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 349 21.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: hw/lw = 4.12 

Pv (min) =0.0025 
If hwllw>2.0, use: Pv min =0.0025+0.5(2.5-hwIlw)(Pn-0.0025)<=Pn 
If hwllw<=2.0, use: Pv>=Pn 

3.0b) Check Shear Friction Requirements 
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In plane shear per foot of wall: 65.06 kipslft 

Transverse shear per ft of wall: 43.00 kips/ft (Vz)
 

Resultant Shear 77.98 kips/ft [(in-plane shear)2+(transverse shear)2t·5
 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5:
 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn(MAX)= 460.8 kips/ft Vn(MAX>Resultant shear OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avf*fy*J.l J.l = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 
full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = VU/2*<jl*J.l*fy (steel required per face)
 
Avf= 0.76 inl\2/ft (steel required on each face for shear friction»
 

Calculate steel required for net Tension force
 

At = T/2*<jl*fy*lw
 
At = 0.94 inl\2/ft (steel required on each face for direct tension)
 

Steel Requirements for Shear Friction Avf + At
 

Av= 1.70 inA2Ift (steel required on each face for shear friction + direct tension)
 

pv(req'd) = 0.0059 (Pv req'd=(2*AV)/(12*tw*12)
 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0059
 

3.0d) Select Vertical Reinforcing Asv required per ft on each face = 1.70 in2/ft each face (Pv min *12*!w*12/2) 

Use 1-#11@6"dc EF Asv prOVided = 3.12 in2/ft each face Pv (prov)= 0.0108333 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = -812 kips 
E. ~ Ey = 0.002

<jl : Strength reduction factor ( = 0.9 for tension, ACI 349 9.3.2.2), iP= 0.9 
c : Distance from compression face to neutral axis (ft)
 

~1(==3 
I E

( w ) 
o = 0.002

Iw : Length of wall (ft)
 
"".max = [(Iw -c) 1c] * Ee 

Strain Diagram 

X1 =Iw - c - X2 (ft) (length of wall with tension steel reinforcing steel strain> f:y ) 

X2 =X3=(Ey 1EO> * c (ft) (length of wall with tension / compression steel reinforcing steel strain < f:y ) 

~ =c - X3 (ft) (length of wall with compression steel reinforcing steel strain> f:y ) 

T1= X1* As * fy (kips) 
T2= C2= 0.5 * X2* As * fy (kips) 
C1= ~ * As * fy (kips) 
C = 0.85 * 0.8 * c* !w*fe * 144 (kips) 
Balanced condition: Tension =Compression, T1+T2-C2-C1-C+FU<jl =o. 
Mu : Total moment capacity = <jl{T1(X2+X l /2) + T2(X2*2/3) + C(c-0.8*d2) + Ft(lwl2-c)/iP + C2(X3*2/3) + C1(X3+~/2)}, (kip-f!) 

~(ft) 

0.00 2552 

Ven Tled that equations were correct 
c (ft) Iw - c (ft) X1(ft) X2=X3 (ft) ~(ft) Tdk) T2=C2(k) C1(k) C (k) 

"" max 
T1+T2-C2-C1-C+FtliP Mu (k-ft) 

2 6.5 0.0065 4.50 2.00 0.00 1684.8 374.4 0 3917 -3134 9746 
1 7.5 0.0150 6.50 1.00 0.00 2433.6 187.2 0 1958 -427 7952 

0.5 8 0.0320 7.50 0.50 0.00 2808 93.6 0 979 927 8016 
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Perform Strain-Compatible Section Analysis - For Axial Force (Comp) Fc= o kips 

~ : Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 3499.3.2.2), 4>= 0.9000
 

If Fc<=O. 4>=0.9; if Fc>O, ~=0.9-0.2*Fc/(0.1*Acv*144*f J1 000)
 

X; (tt) 
0.00 2302
 

ven'fiIed that eauallons were correc
 
c (tt) Iw  c (tt) Es max Xl (tt) X2=X3 (tt) X; (tt) Tl (k) T2=C2 (k) Cl (k) C (k) Tl+T2-C2-C l -C+FJ4> Mu (k-tt) 

1 7.5 0.0150 6.50 1.00 0.00 2433.6 187.2 0 1958 475 10591 
3 5.5 0.0037 2.50 3.00 0.00 936 561.6 0 5875 -4939 15120 
2 6.5 0.0065 4.50 2.00 0.00 1684.8 374.4 0 3917 -2232 11573 

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

Vertical Reinforcing Ratio Provided by Design: pv(prov)= 0.0108 1-#11@6"c/c EF Pv = (2*Asv)/(12*t,.,*12) 
DIC = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) D/C= 0.55 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: PvlreQ = 0.0060 Pv reQ = Pv*(D/G) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pvt reQ = 0.00230 (per face) pfybdI\2*(1-.59pf/fcl=Mu/4> solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0083 

4.0 Boundary Elements: 

4.12 Concrete Strain limited to .002 No Need To Check for Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete Vc=2*(fc)1I2*b*d Vc= 73.0 kips/fl width of wall 

Check Demand I Capacity Ratio: DIC = 0.69 No Shear Reinforcement Required 
DIC = (out-of-plane shear Vz) I (0.85*Vc) 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 tt thick wall with 1-#11@12"c1c EF Horizontal Reinforcement 
1-#11@6"c1c EF Vertical Reinforcement. 

For Shear on Gross Section: D/C = 0.33 
For In-Plane Shear: D/C = 0.41 
For Out-of·Plane Shear: D/C = 0.69 
Bending + axial Loads D/C = 0.76 

Boundary Elements D/C= BOUNDARY ELEMENTS NOT REQUIRED 
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ITransverse Wall COL 5-INTSCUT4a··-D+L+SRSS 

Design Loads Shear Wall Section Properties Concrete & Rebar Properties 

Axial Force (-Tension) Ft= o kips Height of Wall (segment) hw = 35 ft Concrete Design Strength fc = 5000 psi 
Axial Force (+Comp) Fc = 1334 kips Ht of Wall Between Floors H= 35 ft Concrete Strain Ec = 0.002 
In plane shear Vu= 440 Length of Wall (Segment) Iw = 8.5 ft Rebar Yield Strength fy = 60 ksi 
In plane Moment Mz= 3802 ft-kips Thickness of Wall tw= 4ft Rebar Yield Strain Ey = 0.002 

Shear Area of Wall (Segment) Acv = Iw*tw= 34 ft"2 Min Steel Required Pmln = 0.0025 
Concrete Cover 5 in
 

Out of plane shear Vz = 42 kips/ft (Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar)
 
Out of plane Moment My = 240 ft-kips/ft (M22+M12) Note: For ACI 349, see Ref. 2.2.14, for sections 1.0 to 6.0 of this design subset.
 
_~__~_~;;')ifu".~. ••_ b~-.r =,a;o" R'ai 1 iW'ma?iS' .-~~~:lii'::o;..Jiilii&:¥WlR!f2 ~Jt~~ -$ nW.T ~~llii. ..!J!il!!i!l._RtrnW!Jllllir!llliWMll,4\'1C~&::d~H Uii'-~~t~_fi

1.0 Check Shear on gross section - ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(fc) 1/2 Vn (kips) = 2770 

Factored Shear Load = Vu / cj> Vu/cj> (kips)= 733.3 
(cj> = .6 per ACI 349 - 9.3.4)
 

Demand Capacity Ratio
 
Check Code 21.6.5.6 Demand/Capacity Ratio D/C = (Vu/cj»Nn D/C = 0.26 SHEAR WALL THICKNESS OK
 

.-5 14m1';._ffl;~ill- ILI1~_~ - -, -:00& _~dIiYJ.f_ t~~mi~L§tl,-rn!llliJ=Rt!lm_m.nll!>_~!!;\::'Ilt!!lllI~I I\1!..__nl_~~i$$ I. ;t)f::~,,""'-1t ,:~~ij;;"b42 ...~k\ll\'-m.1t' a.1!i1ill--'*~ 

2.0 Horizontal Reinforcing Requirements 

2.0a) ACI 349 - 21.6.5.3 Requirements 

Determine ac : hw/Iw= 4.12 2 ac=3 for hwf1w<1.5, ac varies linearly from 3 for hJlw=1.5 to 2 for hJlw=2. 

Determine Concrete Shear Capacity Vc=Acv*ac*(fc) 112 Vc = 692.4 kips 
Determine Shear Carried by Steel Vs=Vu/cj> -Vc Vs = 40.9 kips 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) p = 0.0001 

21.6.5.3 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0b) ACI349 -11.10.6 Equation 11-31 Requirements
 

Determine Concrete Shear Capacity Vc = 914.0 kips Vc=3.3*(fc)os*(0.8*tw*'w)+FtO.8*IJ(4*'w)
 

Determine Shear Carried by Steel VS=Vu/cj>-Vc Vs = 0.0 kips
 

Determine Required Shear Reinforcing p= 0.0000 p=Vs/(0.8*'w*tw*144*fy)
 

11.10.6 - Equation 11-31 Shear Reinforcing Requirements Pn =0.0025 MINIMUM STEEL GOVERNS 

2.0c) ACI 349 -11.10.6 Equation 11-32 Requirements
 
Check Bounding Case MuNu - 1J2 = 4.39 Equation 11-32 APPLICABLE
 

Determine Concrete Shear Capacity Vc= 836.354868 Vc=[0.6*rc05+lw*(1.2s*rc05+0.2*Ft*1 OOO/(Iw*tw*144»)/(MuNu-1,,)2)]*tw*0.S*1w*144/1 000 

Determine Shear Carried by Steel Vs = 0 VS=Vu/cj> -Vc
 

Determine Required Shear Reinforcing Requirements p = 0.0000 p=Vs/(0.8*'w*tw*144*fy)
 

11.10.6 - Equation 11-32 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS
 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn = 0.0025
 

2
2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in /ft each face (Pn*12*tw*12/2) 

2Use 1-#11@12"clc EF Asn provided = 1.56 in /ft each face Pn (prov)=0.00542 

2.0f) Check Demand / Capacity Ratio for In-Plane Shear:
 
D/C = 0.32 D/C=(Vu/cj»/[Vc+(Asn*2*fy*lw*tw*144/(12*tw*12»)
 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 349 21.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: hwllw= 4.12
 
If hJ'w>2.0, use: Pv min =0.0025+0.5(2.5-hJlw)(Pn-0.0025)<=Pn
 

Pv (min) ~.0025 If hJlw<=2.0, use: Pv>=Pn
 

3.0b) Check Shear Friction Requirements 
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Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IHOO-00100-000-00A 

In plane shear per foot of wall: 51.76 kipslft (Vu/lw) 

Transverse shear per ft of wall: 42.00 kipslft (Vz) 

Resultant Shear 66.66 kipsltt [(in-plane shear)2+(transverse shear)2]o5 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5: 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn (MAX) = 460.8 kips/ft Vn(MAX>Resultant shear ....•....OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avf*fy*1l Il = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 
full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = VU/2*c!>*ll*fy (steel required per face)
 
Avf= 0.65 inl\21tt (steel required on each face for shear friction))
 

Calculate steel required for net Tension force
 

At = T/2*$*fy*lw
 
At = 0.00 inl\21tt (steel required on each face for direct tension)
 

Steel Requirements for Shear Friction Avf + At
 

Av= 0.65 inl\21ft (steel required on each face for shear friction + direct tension)
 

pv(req'd) = 0.0023 (Pv reQ'd=(2*AV)/(12*tw*12) 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0025 

2
3.0d) Select Vertical Reinforcing Asv required per ft on each face = 0.72 in /ft each face (Pv min *12*tw*12/2) 

Use 1-#11 @6"c/cEF Asv provided = 3.12 in2/ft each face Pv (prov)= 0.01083 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = o kips 

$ : Strength reduction factor ( = 0.9 for tension, ACI 349 9.3.2.2), $= 0.9 
c : Distance from compression face to neutral axis (tt)
 
Iw : Length of wall (tt)
 
Es_max:: [(lw -c) 1c] * Ec
 
X1 =Iw - c - X2 (tt) (length of wall with tension steel reinforcing steel strain> Ey )
 

X2 :: X3 =(Ey1Eel * c (tt) (length of wall with tension 1compression steel reinforcing steel strain < Ey )
 

X4 :: C - X3 (tt) (length of wall with compression steel reinforcing steel strain> Ey )
 

T1 :: X1 * As * fy (kips)
 
T2= C2= 0.5 * X2* As * fy (kips)
 
C1 = X4 * As * fy (kips)
 
C = 0.85 * 0.8 * c *tw * f c * 144 (kips)
 
Balanced condition: Tension =Compression, T1+T2-C2-C1-C+FU$ = o.
 
Mu : Total moment capacity = ${T1(X2+X1/2) + T2(X2*213) + C(c-0.8*c/2) + Ft(1w!2-c)/$ + C2(X3*213) + C1(X3+XJ2)}, (kip-tt)
 

0.00 2302 

Verified that equations were correct 
c (ft) Iw  c (ft) &5 max X1 (ft) X2-X3 (ft) X4 (ft) T1 (k) T2-C2 (k) C1 (k) C (k) T1+T2"C2-C1-C+F/$ Mu (k-ft) 

1 7.5 0.0150 6.50 1.00 0.00 2433.6 187.2 0 1958 475 10591 
3 5.5 0.0037 2.50 3.00 0.00 936 561.6 0 5875 -4939 15120 

£. 

( 
I 
w 

Strain Diagram 

~-----1 
===::J 

) 
£c= 0.002 

Stress Diagram ( X 
3 

)( x/ 
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2 6.5 0.0065 4.50 2.00 0.00 

Perform Strain-Compatible Section Analysis - For Axial Force (Comp) 

1684.8 374.4 o 3917 -2232 11573 

Fc= 1334 kips 

~: Strength reduction factor (= 0.7 to 0.9 for comp, ACI 3499.3.2.2), 
If Fc<=O, ~=0.9; if Fc>O, ~=0.9-0.2*FcI(0.1*Acv*144*f J1 000) 

0.7910.=

Xt (ft) 
0.00 

Veri filed 
 that equations were correct 
c (ft) Iw  c (ft) Es max Xl (ft) X2=X3 (ft) Xt (ft) 

1 7.5 0.0150 6.50 1.00 0.00 
3 5.5 0.0037 2.50 3.00 0.00 
2 6.5 0.0065 4.50 2.00 0.00 

3.0f} Check Demand I Capacity Ratio for In-Plane Moment: 

1836
 

T1 (k) T2=C2 (k) C1 (k) C (k) T1+T2-C2-Cl-C+ FJ. Mu (k-ft) 
2433.6 187.2 0 1958 2162 13644 

936 561.6 0 5875 -3253 14956 
1684.8 374.4 0 3917 -546 13173 

Vertical Reinforcing Ratio Provided by Design: Pv (prov)= 0.0108 1-#11@6"clcEF Pv= (2*Asv)/(12*tw*12) 
D/C = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) D/C = 0.36 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvlreq= 0.0039 Pv req = p/(D/C) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pvtreq= 0.00245 (per face) pfybd"2*(1-.59pf/fc)=Mu/. solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0063 

DIG =pv(reqd) I Pv (prav) D/C = 0.59 Section Adequate 

4.0 Boundary Elements: 

= pv(req'd) I 

4.12 Concrete Strain limited to .002 No Need To Check for Boundary Elements 

5.0 Out-of·Plane Shear: 

Nominal Shear Strength Provided by The Concrete VC=2*(fc)1J2*b*d Vc= 73.0 kips/ft width of wall 

Check Demand I Capacity Ratio: 
D/C = (out-of-plane shear Vz) I (0.85*Vc) 

D/C= 0.68 No Shear Reinforcement Required 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 ft thick wall with 1-#11@12"clc EF Horizontal Reinforcement 
1-#11@6"c/cEF Vertical Reinforcement. 

For Shear on Gross Section: D/C = 0.26 
For In-Plane Shear: D/C = 0.32 
For Out-of-Plane Shear: D/C = 0.68 
Bending + axial Loads D/C = 0.59 

Boundary Elements D/C= BOUNDARY ELEMENTS NOT REQUIRED 

Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IHOO-00100-000-00A 

160 December 2007 



ITransverse Wall COL 5-INTSCUT4b--D+L-SRSS 

Design Loads Shear Wall Section Properties Concrete & Rebar Properties 

Axial Force (-Tension) Ft = 882 kips Height of Wall (segment) hw = 35 ft Concrete Design Strength fc = 5000 psi 
Axial Force (+Comp) Fc= o kips Ht of Wall Between Floors H= 35 ft Concrete Strain &c = 0.002 
In plane shear Vu = 441 kips Length of Wall (Segment) Iw = 8.5 ft Rebar Yield Strength fy = 60 ksi 
In plane Moment Mz= 3777 ft-kips Thickness of Wall tw= 4ft Rebar Yield Strain &y = 0.002 

Shear Area of Wall (Segment) Acv = Iw*tw= 34 ft"2 Min Steel Required Pmln = 0.0025 
Concrete Cover 5 in 

Out of plane shear Vz = 43 kips/ft (Use 5" = 2" clear cover + diameter of the outer layer reb
Out of plane Moment My = 226 ft-kips/ft (M22+M12) 'K'iilf~d Note: For ACI349, see Ref. 2.2.14, for sections 1.0 to 6.0 of this design subset. llli!!lilIln IW'~U$." IIillL!IlIiI II t!iSi lJL~~!;tifA1 £iIll!ur<ll_a*5Il 

rt L 
1.0 Check Shear on gross section - AC1349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(fc) 1/2 Vn (kips) = 2770 

Factored Shear Load = Vu / <jl VU/<jl (kips)= 735.0
 
(<jl =.6 per ACI 349 - 9.3.4)
 

Demand Capacity Ratio 
"NI, Ri .U_u Check Code 21.6.5.6 Demand/Capacity Ratio D/C = (Vu/<jl)Nn ~1miJijlMMI__.=_i!i\!l\l· D/C = 0.27 ~.~IIII!.u. SHEAR WALL THICKNESS OK 

= 
2.0 Horizontal Reinforcing Requirements 

2.0a) ACI 349 - 21.6.5.3 Requirements 

Determine ac : hw/Iw= 4.12 a c = 2 ac=3 for hwflw<1.5, ac varies linearly from 3 for hwflw=1.5 to 2 for hwflw=2. 
Determine Concrete Shear Capacity Vc=Acv*ac*(fc) 1/2 Vc= 692.4 kips 
Determine Shear Carried by Steel Vs=Vu/<jl -Vc Vs = 42.6 kips 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) p = 0.0001 

21.6.5.3 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0b) ACI349 -11.10.6 Equation 11-31 Requirements
 

Determine Concrete Shear Capacity Vc = 1090.4 kips Vc=3.3*(fcf S*(0.8*lw*lw)+FtO.8*lwf(4*lw)
 

Determine Shear Carried by Steel VS=Vu/<jl -Vc Vs = 0.0 kips
 

Determine Required Shear Reinforcing p= 0.0000 p=Vs/(0.8*'w*lw*144*fy)
 

11.10.6 - Equation 11-31 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0c) ACI349 -11.10.6 Equation 11-32 Requirements
 
Check Sounding Case MuNu - Iwf2 = 4.31 Equation 11-32 APPLICABLE
 

Determine Concrete Shear Capacity Vc= 1126.21626 Vc=[0.6*fc05+lw*(1.25*fco5+0.2*Ft*1 OOO/(lw*tw*144))/(MuNu-I,j2)]*tw*0.8*lw*144/1 000 

Determine Shear Carried by Steel Vs = 0 VS=Vu/<P -Vc
 

Determine Required Shear Reinforcing Requirements p = 0.0000 p=Vs/(0.8*lw*lw*144*fy)
 

11.10.6 - Equation 11-32 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS
 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn = 0.0025
 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in-In each tace (Pn*12*lw*1212)
 

Use 1-#11@12"c1c EF Asn provided = 1.56 in-In each tace Pn (prov)=0.00542 

2.0f) Check Demand / Capacity Ratio for In-Plane Shear: 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 349 21.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: hwllw= 4.12 
If hwflw>2.0, use: Pv min =0.0025+0.5(2.5-hwIlw)(Pn-0.0025)<=Pn 

Pv (min) ~.0025 If hwflw<=2.0, use: Pv>=Pn 

3.0b) Check Shear Friction Requirements 

ar + 1/2 diameter of the inner layer rebar) 
__- -:;p;1 
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In plane shear per foot of wall:	 51.88 kips/ft 

Transverse shear per ft of wall: 43.00 kips/ft (Vz)
 

Resultant Shear 67.39 kips/ft [(in-plane shearl+(transverse shear)2]o5
 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5:
 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn (MAX) = 460.8 kipslft Vn(MAX>Resultant shear ........•OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avrfy*1l Il = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 
full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = Vu/2*cPVfy (steel required per face)
 
Avf= 0.66 in"21ft (steel required on each face for shear friction»
 

Calculate steel required for net Tension force
 

At = T/2*cP*fy*lw
 
At = -1.02 in"21ft (steel required on each face for direct tension)
 

Steel Requirements for Shear Friction Avf + At
 

Av= -0.36 in"21ft (steel required on each face for shear friction + direct tension)
 

pv(req'd) = -0.0012 (Pv req'd=(2*Av)/(12*V12)
 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0025
 

3.0d) Select Vertical Reinforcing Asv required per ft on each face =	 0.72 in2/ft each face (Pvmin *12*fw*1212) 

Use 1-#11 @6"c/c EF Asv provided = 3.12 in2/ft each face Pv (prov)= 0.01083 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension)	 Ft= 882 kips 

cP: Strength reduction factor ( = 0.9 for tension, ACI 349 9.3.2.2),	 cP = 0.9 
c : Distance from compression face to neutral axis (ft) 
Iw : Length of wall (ft) 
Es_ = [(Iw -c) 1c] * Eemax 
X1 = Iw- c - X2 (ft)	 (length of wall with tension steel reinforcing steel strain> Ey ) 

X2 = X3 = (Ey 1Ee) * C (ft)	 (length of wall with tension 1compression steel reinforcing steel strain < Ey ) 

~ = c - X3 (ft)	 (length of wall with compression steel reinforcing steel strain> Ey ) 

T1 = X1 * As * fy (kips) 
T2= C2= 0.5 * X2* As * fy (kips) 
C1 = ~ * As * fy (kips) 
C = 0.85 * 0.8 * c * fw * f e * 144 (kips) 
Balanced condition: Tension = Compression, T,+T2-C2-C1-C+FUcP = O. 
Mu : Total moment capacity = cP{T1(X2+X1/2) + T2(X/213) + C(c-0.8*cl2) + F1(lwl2-c)/cP + C2(X3*213) + C1(X3+X4/2)}, (kip-ft) 

~(ft) 

0.00 2031 

Venle"fidth rat eaua Ions were correc 
c (ft) Iw • c (ft) Es max X1 (ft) X2=X3 (ft) ~(ft) T1 (k) T2=C2 (k) C1 (k) C (k) T1+T2-C2-C1-C+F/4l Mu (k-ft) 

2 6.5 0.0065 4.50 2.00 0.00 1684.8 374.4 0 3917 -1252 13558 
1 7.5 0.0150 6.50 1.00 0.00 2433.6 187.2 0 1958 1455 13457 

E.	 ~ &,=0:2 

~~====d
( 'w ) E c = 0.002 

Strain Diagram 

I	 1X, X2 C2 1 

. Stress Diagram X 3 
'" X .. 
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1.5 7 0.0093 5.50 1.50 0.00 2059.2 280.8 o 2938 102 13187 

Perform Strain-Compatible Section Analysis - For Axial Force (Camp) Fc= okips 

$ : Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 3499.3.2.2), $= 0.9000 
If Fc<=O, $=0.9; if Fc>O, $=0.9-0.2*Fc/(0.1*Acv*144*f.,11000) 

Xt(ft) 
0.00 2302 

V en "filed that equations were correct 
c (ft) Iw - c (ft) &5 max X1(ft) X2=X3 (ft) Xt(ft) T1(k) T2=C2(k) C1(k) C (k) T1+T2-C2-C1-C+F.,I$ Mu (k-ft) 

1 7.5 0.0150 6.50 1.00 0.00 2433.6 187.2 0 1958 475 10591 
3 5.5 0.0037 2.50 3.00 0.00 936 561.6 0 5875 -4939 15120 
2 6.5 0.0065 4.50 2.00 0.00 1684.8 374.4 0 3917 -2232 11573 

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

Vertical Reinforcing Ratio Provided by Design: pv(prov)= 0.0108 1-#11@6"clc EF Pv= (2*Asv)/(12*lw*12) 
DIC = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) DIC = 0.36 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvlreq = 0.0039 Pv req = Pv*(D/C) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pvlreq = 0.00230 (per face) pfybdIl2*(1-.59pfJfc)=Mu/$ solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0062 

4.0 Boundary Elements: 

4.12 Concrete Strain limited to .002 No Need To Check for Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete VC=2*(fc)1J2*b*d Vc = 73.0 kips/ft width of wall 

Check Demand I Capacity Ratio: D/C= 0.69 No Shear Reinforcement Required 
DIC = (out-of-plane shear Vz) I (0.85*Vc) 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 ft thick wall with 1-#11@12"c/c EF Horizontal Reinforcement 
1-#11@6"clc EF Vertical Reinforcement. 

For Shear on Gross Section: D/C = 0.27 
For In-Plane Shear: D/C = 0.32 
For Out-of-Plane Shear: D/C = 0.69 
Bending + axial Loads D/C = 0.57 

Boundary Elements D/C= BOUNDARY ELEMENTS NOT REQUIRED 
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ITransverse Wall COL 5-INTSCUT4b---D+L+SRSS 

Design Loads Shear Wall Section Properties 

Axial Force (-Tension) Ft = a kips Height of Wall (segment) 
Axial Force (+Comp) Fc= 1380 kips Ht of Wall Between Floors 
In plane shear Vu = 566 Length of Wall (Segment) 
In plane Moment Mz= 4452 ft-kips Thickness of Wall 

Shear Area of Wall (Segment) 

Out of plane shear Vz = 42 kips/ft 
________Out of plane Moment 

~I;aSM i-IL My = roo. Y!'W't7~;.J'i?' 
240 ft-kips/ft (M22+M12).• .;;-)ii! I:~ 

1.0 Check Shear on gross section - ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(fc) 1/2 Vn (kips) = 

Factored Shear Load = Vu II\! Vu/l\! (kips)= 
(I\! = .6 per ACI 349 - 9.3.4)
 

Demand Capacity Ratio
 
~Il i Mha1UlliW Check Code 21.6.5.6 Demand/Capacity Ratio 

~··-~nu__M'!l!!!e ".' D/C = (Vu/~)Nn 

2.0 Horizontal Reinforcing Requirements 

2.0a) ACI 349 - 21.6.5.3 Requirements 

Determine ac : hw Ilw= 4.12 
Determine Concrete Shear Capacity Vc=Acv*ac*(fc) 1/2 

Determine Shear Carried by Steel Vs=Vu/l\!-Vc 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) 

21.6.5.3 Shear Reinforcing Requirements 

2.0b) ACI349 -11.10.6 Equation 11-31 Requirements
 

Determine Concrete Shear Capacity 

Determine Shear Carried by Steel Vs=Vu/l\!-Vc 

Determine Required Shear Reinforcing 

11.10.6· Equation 11-31 Shear Reinforcing Requirements 

2.0c) ACI349 -11.10.6 Equation 11-32 Requirements
 
Check Bounding Case MuNu - 1..12 = 3.62 

Determine Concrete Shear Capacity 

Determine Shear Carried by Steel 
Determine Required Shear Reinforcing Requirements 

11.10.6 - Equation 11·32 Shear Reinforcing Requirements 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each fac

Use 1-#11@12"c/c EF Asn provided = 1.56 

2.0f) Check Demand I Capacity Ratio for In·Plane Shear:
 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 34921.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: 

Concrete & Rebar Properties 

hw = 35 ft Concrete Design Strength fc = 5000 psi 
H= 35 ft Concrete Strain Ec = 0.002 
Iw = 8.5 ft Rebar Yield Strength fy = 60 ksi 
tw= 4ft Rebar Yield Strain Ey = 0.002 

Acv = Iw*tw= 34 ftA2 Min Steel Required Pmln = 0.0025 
Concrete Cover 5 in 
(Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar) 

......_~fiiiI_:tIIi'
Note::titi? For_ilIACI349, see Ref. 2.2.14, ......AH""-.-:$n"'-:---iWH' rk",\""'""n_'IiI!UII!lIi!_!lIiii"for sectionsiiil1ID'!UIOO' 1.0to' __6.0 ofiIIIlEUi2MiWS_IIIli'U'this design subset. f'llil;mH__,3~;;;:;m;_,'1&lii_\1!il I ~_- iiIlIii!lliiHl_mm 

UI 

2770 

943.3
 

~~..il:£~~~,}>1iI 
D/C = 0.34 SHEAR WALL THICKNESS l1l!liW!!l'J:.!...~. 

OK
lIIifi"'''''HI'iIl :Jl!i&·W;''i:~i~~~II''''!'lOl- ';«c.J.ll''?r!. ~~_ti !iiJ.~

a c = 2 ac=3 for h..1lw<1.5. ac varies linearly from 3 for h..1lw=1.5 to 2 for h..1lw=2.

Vc= 692.4 kips
 

Vs = 250.9 kips
 

p = 0.0009 

Pn = 0.0025 MINIMUM STEEL GOVERNS 

Vc= 914.0 kips
 

Vs = 29.4 kips 
p= 0.0001 p=Vs/(0.8*lw*lw*144*fy) 

Pn = 0.0025 MINIMUM STEEL GOVERNS 

Equation 11-32 APPLICABLE
 

Vc= 980.036341 Vc=[0.6*PcO.5+V( 1.25*Pco.5+0.2*Ft*1 000/(1,.*1..*144»/(MuNu-V2»)*1..*0.8*lw*144/1 000 

Vs = 0 Vs=Vu/l\!-Vc 

P = 0.0000 p=Vs/(0.8*lw*lw*144*fy) 

Pn = 0.0025 MINIMUM STEEL GOVERNS 

Pn = 0.0025 

e = 0.72 in2/ft each face 

in2
/ft each face Pn (prov)=0.00542 

D/C = 0.41 D/C=(Vu/~)/[Vc+(Asn*2*fy*lw *lw*144/(12*lw*12))J
 

hw/lw = 4.12
 
If h..1lw>2.0. use: Pv min =0.0025+0.5(2.5-h..1lw)(Pn-0.0025)<=Pn
 

Pv (min) =0.0025 If h..1lw<=2.0. use: Pv>=Pn
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In plane shear per foot of wall: 66.59 kips/ft
 

Transverse shear per ft of wall: 42.00 kips/ft (Vz)
 

Resultant Shear 78.73 kips/ft [(in-plane shear)2+(transverse shear)2)o5
 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5:
 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn (MAX) = 460.8 kipslft Vn(MAX>Resultant shear OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avf*fy*/l /l = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 
full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = VU/2*cjl*/l*fy (steel required per face)
 
Avf= 0.77 inA2Ift (steel required on each face for shear friction»
 

Calculate steel required for net Tension force
 

At = T/2*<jl*fy*lw
 
At = 0.00 inA2Ift (steel required on each face for direct tension)
 

Steel Requirements for Shear Friction Avf + At
 

Av= 0.77 inA 2Ift (steel required on each face for shear friction + direct tension)
 

pv(req'd) = 0.0027 (Pv req'd=(2*Av)/(12*tw" 12)
 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0027
 

3.0d) Select Vertical Reinforcing Asv required per ft on each face = 0.77 in2
/ft each face (Pv mn "12"tw"1212) 

Use 1-#11@6"c/cEF Asv provided = 3.12 in2/ft each face Pv (prov)= 0.01083 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = o kips 

<jJ : Strength reduction factor ( = 0.9 for tension, ACI 349 9.3.2.2), <jJ= 0.9 
c : Distance from compression face to neutral axis (ft) 
Iw : Length of wall (ft) 
Es_max = [(Iw -c) 1c) " Ec 
X, = Iw- c - X2 (ft) (length of wall with tension steel reinforcing steel strain> Ey ) 

X2 = X3 = (Ey1Ec) * c (ft) (length of wall with tension 1compression steel reinforcing steel strain < Ey ) 

X4 = c- X3 (ft) (length of wall with compression steel reinforcing steel strain> Ey ) 

T, = X, * As * fy (kips) 
T2= C2= 0.5 * X2" As " fy (kips) 
C, = X4 * As" fy (kips) 
C = 0.85 * 0.8 * c "tw" f c " 144 (kips) 
Balanced condition: Tension = Compression, T,+T2-C2-C,-C+FtI<jJ = O. 
Mu : Total moment capacity = <jJ{T,(X2+X,/2) + T2(X/213) + C(c-0.8*c/2) + Ft(lwl2-c)/<jJ + C2(X3*213) + C,(X3+X4/2)}, (kip-ft) 

~(ft) T, (k) 
0.00 2302 

Verified that equations were correct 
c (ft) Iw  c (ft) £s max X, (ft) X2-X3 (ft) X4 (ft) T,(k) T2=C2 (k) C, (k) C (k) T,+T2-C2-C,-C+F/cjl Mu (k-ft) 

1 7.5 0.0150 6.50 1.00 0.00 2433.6 187.2 0 1958 475 10591 

E s ~ E v=0.002 

~_,----=",",,-,I(_=-2J==-c_--,)1 
( Iw ) Ec = 0.002 

Strain Diagram 

~ ~ 
fv 

X 1 X 2 
1C z 

Stress Diagram ( X )( x )
3 4 

3 5.5 0.0037 2.50 3.00 0.00 936 561.6 0 5875 -4939 15120 
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Perform Strain-Compatible Section Analysis - For Axial Force (Comp) Fc= 1380 kips 

4> : Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 349 9.3.2.2), cp= 0.7873 
If Fc<=O, 4>=0.9; if Fc>O, 4>=0.9-0.2*FcI(0.1*Acv*144*fc!1000) 

'<4 (ft) 
0.00 1817 

VenT d hIe t at eauatlons were correct 
c (ft) Iw • c (ft) Es max X, (ft) X2=X3 (ft) '<4 (ft) T, (k) T2=C2 (k) C, (k) C (k) T,+T2-C2-C,-C+Fc/cp Mu (k-ft) 

1 7.5 0.0150 6.50 1.00 0.00 2433.6 187.2 ° 1958 2228 13749 
3 5.5 0.0037 2.50 3.00 0.00 936 561.6 ° 5875 -3186 14951 
2 6.5 0.0065 4.50 2.00 0.00 1684.8 374.4 0 3917 -479 13228 

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

Vertical Reinforcing Ratio Provided by Design: Pv(prov)= 0.0108 1-#11@6"c/cEF Pv= (2*Asv)/(12*t,v*12) 
D/C = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) DIC= 0.42 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvlreq= 0.0046 Pvreq= p/(DIC) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pvt req = 0.00245 (per face) pfybdI\2*(1-.59pf/fc)=Mul4> solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0070 

DIG =pv(reqdL Pv (prav) D/C= 0.65 Section Adequate =pvcreq'd) I py(prov) 

4.0 Boundary Elements: 

4.12 Concrete Strain limited to .002 No Need To Check for Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete Vc=2*(fc)'I2*b*d Vc= 73.0 kipslft width of wall 

Check Demand I Capacity Ratio: 
D/C = (out-of-plane shear Vz) I (0.8S*Vc) 

DIC= 0.68 No Shear Reinforcement Required 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 ft thick wall with 1-#11@12"clc EF 
1-#11@6"c/cEF 

Horizontal Reinforcement 
Vertical Reinforcement. 

For Shear on Gross Section: 
For In-Plane Shear: 
For Out-of-Plane Shear: 
Bending + axial Loads 

D/C = 
D/C = 
D/C = 
D/C = 

0.34 
0.41 
0.68 
0.65 

Boundary Elements D/C= BOUNDARY ELEMENTS NOT REQUIRED 
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6.5.8 
Transverse Walls Design Loads, Column Line 7 

Section cut design forces and moments, which follow a global axis system, for the transverse wall on column line 7 include in plane forces and moments: such as axial forces (tension/compression), in plane 
moment, and in plane shear. The section cut values are integrated along the section cut length, thus for INTSCUT5 the length is equal to 37'. Out of plane values such as out of plane bending and out of 
plane shear are attained by shell element forces and moments from SAP2000, which follow a local axis system. The out of plane bending moments provided are M22 and M12, which is a twisting moment 
that is combined with M22. The out of plane shear forces from the shell elements include V13 and V23. 

Follow notation below to convert from SAP2000 labeling (i.e F1, M22... ) to appropriate design forces and moments. 

INTSCUT5 
F1 =In Plane Shear 
F3 =Axial Force, Compression (+) / Tension (-) 
M2 =In Plane Moment 

Accidental torsion factor = 15% (See assumption 3.1.4) 

Shell Element Forces and Moments 
M22 =Out of Plane Moment 
M12 =Twisting Moment 
V13 = Out of Plane Shear 
V23 =Out of Plane Shear 

;:... : _' I' :-"_- • :..,... I 1_ :- ,!:'I 1;;""1 I' '_'':' I, _.... I I _ ,_~. " 

MAX i----=-=M:....:1~1_+_..:.:M.:.:::2=2_l_..:.:M:...:1=2_+_-=V....:.13~f____=V=2.=..3__1 V13 V23 MAX ~M=....:1....:.1_+_..:.:M.:.:::2=2-1f-'..:.:.M:...:1=2-+-"":"":"=----!---='==----l 
MIN Kip-ftlft Kip-ftIft Kip-ftIft Kip/ft Kio/ft Kip-ftIft Kip-ftlft Kio-ftlft Kip/ft Kip/ft 

INTSCUT5 MAX 6 18 4 1 1 MAX 29 36 12 8 14
MIN -3 -11 -6 -1 -3 

Loads with accidental torsion factor Loads with accidental torsion factor 

MAX l-:"M:.:..:1:.,.:1-t-~M:;,::2=2-+-..:.:M.:...:1c:=2-t--=V....:.1=-3_+_-=V:..=2:.=.3--1 MAX M11 M22 M12 V13 V23 
MIN Kip-ftIft Kip-ftIft Kip-ftIft Kio/ft Kip/ft Ki0-ftIft Kip-ftIft Kio-ft/ft Kip/ft Kip/ft 

INTSCUT5 MAX 7 20 5 2 1 MAX 33 41 13 9 17MIN -3 -12 -7 -1 -4 

Maximum Load Combinati()n Maximum Load Combination 

, , , , 
l;fl..: t;..~ " , 

F1 F2 F3 M1 M2 M3 F1 F2 F3 M1 M2 M3 MiAX M11 M22 M12 V13 V23 MAX i----=-=M.:...:1:.,.:1-t-..:.:M.:.:;2:=2_+_..:.:M.:...:1c:=2_+_-=V....:.1.=..3-If-....:Vc:=2.=..3--1 Section Cut Kip MIN r-K..:.:ip:.:..:.-ft/:.,.::-:-ftt-K..:.:iP:;,::.-ftI=--ftf-K..:.:ip.:...:,-ftI-=-ftI-'K....:.iiP=-,/ft-+--=K:"=jjp=-,/ft-l Kip Kip Kip-ft Kip-ft Kip-ft Kip Kip Kip Kip-ft Kip-ft Kip-ft MIN Kip-ftIft Kip-ftIft Kip-ftIft Kip/ft Kip/ft 
INTSCUT5 1655 - 2451 - 25135 - -1661 - 356 - -23112 - MAX 40 61 18 10 18 MAX -27 -21 -8 -7 -15 

MIN 30 29 7 8 13 MIN -36 -53 -20 -10 -20 

I I 

M22+M12 

rVertical (Z) 
F3 V13 & V23 

INTSCUT5

L -.1
1 
~ North (X) 

West(Y) F1 
F2 

TRANSVERSE WALL AT COL. 7 ---- ELEVATION 

F E 

c2-----r----/-=-=-----F3C 
M2( F1

INTSCUT5 
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6.5.8.1 TRANSVERSE WALL REINFORCEMENT, COLUMN LINE 7 
ITransverse Wall COL 7·INTSCUT5···D+L-5RSS I 
Design Loads Shear Wall Section Properties 

Axial Force (·Tension) Ft = o kips Height of Wall (segment) hw = 35 ft 
Axial Force (+Comp) Fc= 356 kips Ht of Wall Between Floors H= 35 ft 
In plane shear Vu= 1661 kips Length of Wall (Segment) Iw = 37 ft 
In plane Moment Mz= 23112 ft-kips Thickness of Wall tw = 4ft 

Shear Area of Wall (Segment) Acv = Iw*tw= 148 ft"2 

Out of plane shear Vz = 20 kips/ft
 
Out of plane Moment My = 73 ft-kipslft (M22+M12)
 

;;,"'~'$M JI{Ii*!f$tP'~ 'WI;~W 

1.0 Check Shear on gross section· ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(fc) 112 Vn (kips) = 12056 

Factored Shear Load = Vu / cjl VU/cjl (kips)= 2768.3 
( 4> = .6 per ACI 349 - 9.3.4)
 

Demand Capacity Ratio
 
Check Code 21.6.5.6 Demand/Capacity Ratio D/C = (Vu/cjl)Nn D/C =0.23
 

'¥kM&,:;;;~·\t:tlN;::t~ I ~ iE#fi1~m't4Glt!litH«!t~IJ':'";:'f~:~_~_ A ,my llffWJIfW'W~~~~H~$JIOO 

2.0 Horizontal Reinforcing Requirements 

2.0a) AC1349· 21.6.5.3 Requirements 

Determine U c : hw/Iw= 0.95 3 uc=3 for hwllw<1.5. U c varies linearly from 3 for hwllw=1.5 to 2 for hwllw=2. 
Determine Concrete Shear Capacity Vc=Acv*uc*(fc) 112 Vc= 4521.0 kips 
Determine Shear Carried by Steel VS=Vu/cjl-Vc Vs= 0.0 kips 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) P = 0.0000 

21.6.5.3 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0b) ACI349 -11.10.6 Equation 11-31 Requirements
 

Determine Concrete Shear Capacity Vc= 3978.4 kips
 

Determine Shear Carried by Steel Vs=Vu/4> -Vc Vs= 0.0 kips
 

Determine Required Shear Reinforcing p= 0.0000 p=Vs/(0.8*lw*tw*144*fy)
 

11.10.6· Equation 11-31 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0c) ACI349 -11.10.6 Equation 11-32 Requirements 
Check Bounding Case MuNu - Iwl2 = -4.59 MuNu-lw/2 < 0 equation 11-32 NOT APPLICABLE 

Determine Concrete Shear Capacity Vc= N/A Vc=[0.6*fco5+lw*(1.2S*fco.5+0.2*Ft*1 OOO/(Vlw*144»/(MuNu-Iv/2)]*lw*0.8*1w*144/1000 

Determine Shear Carried by Steel Vs = N/A Vs=Vu/cjl-Vc 
Determine Required Shear Reinforcing Requirements P = N/A p=Vs/(0.8*lw*tw*144*fy) 

11.10.6· Equation 11-32 Shear Reinforcing Requirements Pn = N/A EQUATION 11-32 NOT APPLICABLE
 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn = 0.0025
 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in2/ft each face
 

Use 1-#11@12"clc EF Asn provided = 1.56 in2/ft each face Pn (prov)= 0.0054167 

0.25D/C = 
2.0f) Check Demand / Capacity Ratio for In-Plane Shear: 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 34921.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: 

Pv (min) = 0.0025 

hwllw= 0.95 
If hwllw>2.0, use: Pv min =0.0025+0.5(2.5-hwllw)(Pn-0.0025)<=Pn 
If hwllw<=2.0, use: Pv>=Pn 

3.0b) Check Shear Friction Requirements 

In plane shear per foot of wall: 44.89 kips/ft 

Initial Handling Facility (IHF): Concrete Structure Design 51 A-DBC-IHOD-DO1OO-OOO-OOA 
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Initial Handling Facility (IHF): Concrete Structure Design 51 A-DBC-IHOO-001 OO-OOO-OOA 

Transverse shear per ft of wall: 20.00 kips/ft (Vz) 

Resultant Shear 49.15 kips/ft [(in-plane shear)2+(transverse sheadt 5 

Calculate lim iting shear friction strength at joint per ACI 349-11.7.5: 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn (MAX) = 460.8 kips/ft Vn(MAX>Resultant shear ....•....OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avf*fy*1-l I-l = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 
full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = Vu/2TI-l*fy (steel required per face)
 
Avf= 0.48 in"2/ft (steel required on each face for shear friction))
 

Calculate steel required for net Tension force 

At = T/2*~*fy*lw 

At = 0.00 in"2/ft (steel required on each face for direct tension) 

Steel Requirements for Shear Friction Avf + At 

Av= 0.48 inl\21tt (steel required on each face for shear friction + direct tension) 

pv(req'd) = 0.0017 (Pv req'd=(2*Av)/(12*1v,*12) 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0025 

3.0d) Select Vertical Reinforcing Asv required per tt on each face = 0.72 (Pv min *12*1v,*12/2) 

Use 1-#11@12"dcEF Asv provided = 1.56 in2/tt each face Pv (prov)= 0.0054167 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = o kips 

~ : Strength reduction factor ( = 0.9 for tension, ACI 349 9.3.2.2), ~= 0.9 
c : Distance from compression face to neutral axis (tt)

Iw : Length of wall (tt)
 
Es max = [(Iw -c) 1c) * Ee
 

X;= Iw - c - X2 (tt) (length of wall with tension steel reinforcing steel strain> l>y)
 
X2 =X3 =(Ey 1Ee) * C (ft) (length of wall with tension 1compression steel reinforcing steel strain < l>y)
 
~ = c - X3 (tt) (length of wall with compression steel reinforcing steel strain> l>y)
 
T1= X1* As * fy (kips)
 
T2= C2=0.5 * X2* As * fy (kips)
 
C1= ~ * As * fy (kips)
 
C = 0.85 * 0.8 * c * Iv, * f e * 144 (kips)
 
Balanced condition: Tension =Compression, T1+T2-C2-C1-C+FU~=O.
 
Mu : Total moment capacity =~{T1(X2+X1/2) + T2(X2*213) + C(c-0.8*d2) + Ft(lwl2-c)/~ + C2(X3*2/3) + C1(X3+~/2)}, (kip-tt)
 

~(tt) 

0.00 5815 

Verified t hat eauatlons were correct 
c (tt) Iw - c (tt) Es max X, (tt) X2=X3 (tt) X4 (tt) T, (k) T2=C2(k) C1(k) C (k) T,+T2-C2,C,-C+F/~ Mu (k-tt) 

2 35 0.0350 33.00 2.00 0.00 6177.6 187.2 0 3917 2261 107536 
4 33.0 0.0165 29.00 4.00 0.00 5428.8 374.4 0 7834 -2405 109107 
3 34 0.0227 31.00 3.00 0.00 5803.2 280.8 0 5875 -72 107152 

Perform Strain-Compatible Section Analysis - For Axial Force (Comp) Fc= 356 kips 
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$ : Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 349 9.3.2.2), ~= 0.8933 
If Fc<=O, $=0.9; if Fc>O, $=0.9-0.2*Fd(0.1*Acv*144*fc!1000) 

~(ft) 

0.00 5751 

Veri led that equations were correct fi
c (ft) Iw - c (ft) Es max Xl (ft) X2=X3 (ft) ~(ft) T1 (k) T2=C2 (k) C1 (k) C (k) T1+T2-C2-Cl-C+ Fc!~ Mu (k-ft) 

2 35 0.0350 33.00 2.00 0.00 6177.6 187.2 0 3917 2659 112612 
4 33.0 0.0165 29.00 4.00 0.00 5428.8 374.4 0 7834 -2006 113459 
3 34 0.0227 31.00 3.00 0.00 5803.2 280.8 0 5875 327 111874 

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

Vertical Reinforcing Ratio Provided by Design: Pv (prov)= 0.0054 1-#11@12"dcEF Pv= (2*Asv)/(12*V12) 
D/C = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) D/C= 0.22 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvl req= 0.0012 Pv req = p:(D/C) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pvt req = 0.00073 (per face) pfpd"2*(1-.59pf/fc)=Mu/$ solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0019 

4.0 Boundary Elements: 

0.95 <2, No Need To Check for Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete VC=2*(fc)112*b*d Vc = 73.0 kips/ft width of wall 

Check Demand I Capacity Ratio: D/C = 0.32 No Shear Reinforcement Required 
D/C = (out-of-plane shear Vz) I (O.85*Vc) 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 ft thick wall with 1-#11@12"clc EF Horizontal Reinforcement 
1-#11@12"c/c EF Vertical Reinforcement. 

For Shear on Gross Section: D/C = 0.23 
For In-Plane Shear: D/C = 0.25 
For Out-of-Plane Shear: D/C= 0.32 
Bending + axial Loads D/C = 0.35 

Boundary Elements D/C= BOUNDARY ELEMENTS NOT REQUIRED 

Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IHOO-00100-000-00A 
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Initial Handling Facility (IHF): Concrete Structure Design 

ITransverse Wall COL 7-INTSCUT5---D+L+SRSS 

Design Loads 

Axial Force (-Tension) Ft= o kips 
Axial Force (+Comp) Fc= 2451 kips 
In plane shear Vu= 1655 
In plane Moment Mz= 25135 ft-kips 

Out of plane shear Vz = 18 kips/ft 
Out of plane Moment My = 79 ft-kips/ft....!III! *IlIIlIIl--llIM __HI.I!f~-J'i Mi 

1.0 Check Shear on gross section - ACI 349: 21.6.5.6 

Shear Wall Section Properties
 

Height of Wall (segment)
 
Ht of Wall Between Floors
 
Length of Wall (Segment)
 
Thickness of Wall
 
Shear Area of Wall (Segment)
 

(M22+M12) 

Nominal Shear Capacity = 8*Acv*(fc) 1/2 

Factored Shear Load = Vu I cf> 
(cf> = .6 per ACI 349 - 9.3.4) 

Demand Capacity Ratio 
Check Code 21.6.5.6 Demand/Capacity Ratio ________WiilUi<l!i!i!iIl\!!__' __t.:	 Ilru.&WiI. 

2.0 Horizontal Reinforcing Requirements 

2.0a) ACI 349 - 21.6.5.3 Requirements 

!i!MIll!l!1l!l9."""_~-~~,~iC 

Vn (kips) =
 

Vu/cf> (kips)=
 

nN<lfi«.MRIIilj.D/C = (Vu/cf»Nn
~~"W.GJiJ!tiiI 

Determine ac : hw Ilw = 0.95 
Determine Concrete Shear Capacity Vc=Acv*ac*(fc) 1/2 

Determine Shear Carried by Steel Vs=Vu/cf> -Vc 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) 

21.6.5.3 Shear Reinforcing Requirements 

2.0b) ACI349 -11.10.6 Equation 11-31 Requirements 
Determine Concrete Shear Capacity 

Determine Shear Carried by Steel VS=Vu/cf> -Vc 

Determine Required Shear Reinforcing 

11.10.6 - Equation 11-31 Shear Reinforcing Requirements 

2.0c) ACI349 -11.10.6 Equation 11-32 Requirements 
Check Bounding Case MuNu - IJ2 = -3.31 

Determine Concrete Shear Capacity 

Determine Shear Carried by Steel 
Determine Required Shear Reinforcing Requirements 

11.10.6· Equation 11-32 Shear Reinforcing Requirements 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face ::: 

Use 1-#11@12"c/c EF Asn provided = 1.56 in-In each tace 

2.0f) Check Demand I Capacity Ratio for In-Plane Shear: 

urnu_n~HHilnJ_ZJ~;;..~~Ali RJt1a:c·-~~~	 ~,,;;~"'Jr"1'"'~~'$.ll_\'n'~."",'* IliI!,.,·ir~:~-::!I~~~~:t~_.till__	 .. 

a c = 3 ac=3 for hJlw<1.5. acvaries linearly from 3 for hJlw=1.5 to 2 for hJlw=2. 
Vc= 4521.0 kips 
Vs = 0.0 kips 

p = 0.0000 

Pn =0.0025 MINIMUM STEEL GOVERNS 

Vc= 3978.4 kips Vc=3.3*(fc)os*(0.8*tw*lw)+FtO.8*IJ(4*Iw) 

Vs= 0.0 kips
 

p= 0.0000 p=Vs/(0.8*lw*tw*144*fy)
 

Pn =0.0025 MINIMUM STEEL GOVERNS 

MuNu-lw/2 < 0 equation 11-32 NOT APPLICABLE 

Vc= N/A	 Vc=[0.6*fcoS+lw*(1.2S*fcoS+0.2*Ft*1 000/(Vtw*144 ))/(MuNu-Iw'2))*lw*0.S*lw*144/1 000 

Vs = N/A VS=Vu/cf> -Vc
 

p = N/A p=Vs/(0.8*lw*tw*144*fy)
 

51A-DBC-IHOO-00100-000-00A 

Concrete & Rebar Properties 

hw = 35 ft Concrete Design Strength fc = 5000 psi 
H= 35 ft Concrete Strain Be = 0.002 
Iw = 37 ft Rebar Yield Strength fy = 60 ksi 
tw= 4ft Rebar Yield Strain &y = 0.002 

Acv = Iw*tw= 148 ft"2	 Min Steel Required Pmln = 0.0025 
Concrete Cover 5 in 
(Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar) 

Note: For ACI 349, see Ref. 2.2.14, for sections 1.0 to 6.0 of this design subset. JI•• J au ill1Jiii "!"1iI i.or£... _ t~ ~;~:J;;\~l:IIl'lW.!IlmJL 

12056 

2758.3 

D/C = 0.23 SHEAR WALL THICKNESS OK __•.4	 .#.ux

Pn = N/A EQUATION 11-32 NOT APPLICABLE 

Pn = 0.0025 

0.72 in-In each tace (Pn*12*tw*1212) 

Pn (prov)=0.00542 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 349 21.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: 

Pv (min) = 0.0025 

hw/lw = 0.95 
If hJlw>2.0. use: Pv min =0.0025+0.5(2.5-hJlw)(Pn-0.0025)<=Pn 
If hJlw<=2.0, use: Pv>=Pn 

3.0b) Check Shear Friction Requirements 
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In plane shear per foot of wall: 44.73 kipslft
 

Transverse shear per ft of wall: 18.00 kips/ft (Vz)
 

Resultant Shear 48.22 kipslft [(in-plane shear)2+(transverse shear)2)o.s
 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5:
 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn (MAX) = 460.8 kips/ft Vn(MAX>Resultant shear .•...•...OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avf*ty*/l /l = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 
full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = Vu/2*c!>*/l*ty (steel required per face)
 
Avf= 0.47 inl\21ft (steel required on each face for shear friction»
 

Calculate steel required for net Tension force
 

At =T/2*CP*ty*lw
 
At = 0.00 inl\21ft (steel required on each face for direct tension)
 

Steel Requirements for Shear Friction Avf + At
 

Av= 0.47 in"21ft (steel required on each face for shear friction + direct tension)
 

pv(req'd) = 0.0016 (Pv req'd=(2*Av)/(12*tv,*12)
 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0025
 

3.0d) Select Vertical Reinforcing Asv required per ft on each face = 0.72 in2/ft each face (Pvrnin *12*tv,*1212)
 

Use 1-#11@12"c/cEF Asv provided = 1.56 in2/ft each face Pv (prov)= 0.00542 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = o kips 

cp: Strength reduction factor ( = 0.9 for tension, ACI 3499.3.2.2), cp = 0.9 
c : Distance from compression face to neutral axis (ft)
 
Iw : Length of wall (ft)
 
Es_max = [(Iw -c) 1c) * Ec
 

X, = Iw - c - X2 (ft) (length of wall with tension steel reinforcing steel strain> Ey )
 

X2 = X3 = (Ey 1Ec ) • c (ft) (length of wall with tension 1compression steel reinforcing steel strain < Ey )
 

X4 = c - X3 (ft) (length of wall with compression steel reinforcing steel strain> Ey )
 

T, = X, * As * ty (kips)
 
T2= C2= 0.5' X2* As * ty (kips)
 
C, = X4 ' As * ty (kips)
 
C = 0.85 * 0.8 * c * tv, * f c * 144 (kips)
 
Balanced condition: Tension = Compression, T,+T2-Cr C,-C+FU$ = O. 
Mu : Total moment capacity =${T,(X2+X,/2) + T2(X/2/3) + C(c-0.8*c/2) + Ft(lv/2-c)/cp + C2(X3*213) + C,(X3+X4/2)}, (kip-ft) 

0.00 5815 

Ven'fiIed t h at eauations were correct 
c (ft) Iw - c (ft) Es max X, (ft) X2=X3 (ft) X4 (ft) T, (k) T2=C2(k) C, (k) C (k) T,+T2-C2-C,·C+FtI$ Mu (k-ft) 

3 34 0.0227 31.00 3.00 0.00 5803.2 280.8 0 5875 -72 107152 
4 33.0 0.0165 29.00 4.00 0.00 5428.8 374.4 0 7834 -2405 109107 
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2 35 0.0350 33.00 2.00 0.00 

Perform Strain-Compatible Section Analysis - For Axial Force (Comp) 

6177.6 187.2 o 3917 2261 107536 

Fc= 2451 kips 

4>: Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 3499.3.2.2), 4>= 0.8540 
If Fc<=O, 4>=0.9; if Fc>O, 4>=0.9-0.2*Fc/(0. 1*Acv*144*fJ1000) 

0.00 

ven'fi d hIe t at eauatlons were correct 

Tdk) 
5354 

c (ft) Iw  c (ft) &s max Xl (ft) X2=X3 (ft) ~(ft) 

5 32 0.0128 27.00 5.00 0.00 
3 34.0 0.0227 31.00 3.00 0.00 
4 33 0.0165 29.00 4.00 0.00 

Tl (k) T2=C2 (k) Cl (k) C (k) Tl +T2-C2-Cl -C+Fd4> Mu (k-ft) 
5054.4 468 0 9792 -1868 140694 
5803.2 280.8 0 5875 2798 139666 
5428.8 374.4 0 7834 465 139070 

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

Vertical Reinforcing Ratio Provided by Design: Pv (prov)= 0.0054 1-#11@12"c/cEF Pv = (2*Asv)/(12*t,;12) 
DIC = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) D/C= 0.23 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvl req = 0.0013 Pv req = Pv*(D/C) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pv1req = 0.00080 (per face) pfybd"2*(1-.59pf/fc)=Mu/4> solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0021 

DIG = p.(reqd) I Pv (prov) DIC = 0.38 Section Adequate = 

4.0 Boundary Elements: 

0.95 <2, No Need To Check for Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete VC=2*(fc)1I2*b*d Vc= 73.0 kips/ft width of wall 

Check Demand I Capacity Ratio: DIC = 0.29 No Shear Reinforcement Required 
DIC = (out-of-plane shear Vz) I (0.85*Vc) 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 ft thick wall with 1-#11@12"clc EF Horizontal Reinforcement 
1-#11@12"c/cEF Vertical Reinforcement. 

For Shear on Gross Section: D/C = 0.23 
For In-Plane Shear: DIC = 0.25 
For Out-of-Plane Shear: D/C = 0.29 
Bending + axial Loads D/C = 0.38 

Boundary Elements D/C= BOUNDARY ELEMENTS NOT REQUIRED 

Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IHOO-00100-000-00A 

173 December 2007 



F E 
I I 

M22+M12 rVertical(Z) 
F3 V13 & V23 

L 
INTSCUT6 

-.11'----.... North (X) ~ 
West(Y) Fl 
F2 

TRANSVERSE WALL AT COL. 8 ---- ELEVATION 

Initial Handling Facility (IHF): Concrete Structure Design 51A-DBC-IHOO-00100-000-00A 

6.5.9 
Transverse Walls Design Loads, Column Line 8 

Section cut design forces and moments, which follow a global axis system, for the transverse wall on column line 8 include in plane forces and moments: such as axial forces (tension/compression), in plane 
moment, and in plane shear. The section cut values are integrated along the section cut length, thus for INTSCUT6 the length is equal to 37'. Out of plane values such as out of plane bending and out of 
plane shear are attained by shell element forces and moments from SAP2000, which follow a local axis system. The out of plane bending moments provided are M22 and M12, which is a twisting moment 
that is combined with M22. The out of plane shear forces from the shell elements include V13 and V23. 

Follow notation below to convert from SAP2000 labeling (i.e F1, M22... ) to appropriate design forces and moments. 

INTSCUT6 Shell Element Forces and Moments
 
F1 =In Plane Shear M22 = Out of Plane Moment
 
F3 =Axial Force, Compression (+) / Tension (-) M12 = Twisting Moment
 
M2 =In Plane Moment V13 =Out of Plane Shear
 

V23 =Out of Plane Shear 
Accidental torsion factor = (See assumption 3.1.4) 

I:'" '_' !' _'':: • _- ,I;;" _" 1:"1 [_I 1,:"'_- ',_, ~f _':_~ ~ " 

MAX Mii M22 Mi2 Vi3 V23 MAX Mii M22 Mi2 Vi3 V23 
MIN t-:-K-::-ip":"'--':-'ftI::-ftt:K-::-ip=._7ft1':::ft+K~i;';;'p._"7ft1"::ft+-:-K~:jp":;":I/~ft+-:K-=i=PI/=ft-l Kip-ftIft Kip·ftlft Kip-ftIft Kiplft Kip/ft 

INTSCUT6 MAX 5 8 6 1 2 MAX 31 130 17 7 18
MIN -4 -18 -2 -1 0 

Loads with accidental torsion factor Loads with accidental torsion factor 

,:.. 1:..1' I' _'.. • _- 'i ~ ,I:'" I_I l' <:""_~ ',:-,-~, l_ ' ...~ •• 

MAX Mii M22 M12 Vi3 V23 MAX Mii M22 Mi2 Vi3 V23 
MIN I-K..:..ip..:....-=--ftl-ft+K....::i=p.-=ftI=--ft+K....;j....p....;.-ftl=--ft-+-K..:..j..:...PI/=--ft-+-K..:..i=PI/"::"ft-l Kip-ftIft Kip-ftlft.Kip-ftlft Kip/ft Kip/ft 

INTSCUT6 MAX 6 10 7 1 2 MAX 36 150 19 8 20
MIN -4 -21 -2 -1 0 

Maximum Load Combination Maximum Load Combination 

:.. ~..:- I:" .:: 

Fi F2 F3 Mi M2 M3 Fi F2 F3 Mi M2 M3 :iection CU 
Kip Kip Kip Kip-ft Kip-ft Kip-ft Kip Kip Kip Kip-ft Kip-ft Kip-ft 

INTSCUT6 634 - 1647 - 17937 - -642 - 730 - -17046 - MAX MAX 
MIN MIN 
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Initial Handling Facility (IHF): Concrete Structure Design 51 A-DBC-IHOO-001 OO-OOO-OOA 

Transverse Wall COL 8-INTSCUT6---D+L+SRSS 
ITransverse Wall COL B-INTSCUT6---D+L-SRSS 

Design Loads Shear Wall Section Properties Concrete & Rebar Properties 

Axial Force (-Tension) Ft= o kips Height of Wall (segment) hw = 35 ft Concrete Design Strength rc = 5000 psi 
Axial Force (+camp) Fc= 730 kips Ht of Wall Between Floors H= 35 ft Concrete Strain Ec = 0.002 
In plane shear Vu= 642 kips Length of Wall (Segment) Iw = 37 ft Rebar Yield Strength fy = 60 ksi 
In plane Moment Mz= 17046 ft-kips Thickness of Wall tw = 4ft Rebar Yield Strain Ey = 0.002 

Shear Area of Wall (Segment) Acv= Iw*tw= 148 ftl\Z Min Steel Required Pmln = 0.0025 
Concrete Cover 5 in
 

Out of plane shear Vz = 20 kips/ft (Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar)
 
Out of plane Moment My = 192 ft-kipslft (MZZ+M12) Note: For ACI 349, see Ref. 2.2.14, for sections 1.0 to 6.0 of this design subset.
 

m,'ItI 7' nr PBlml! t llWWM w X n.:' 

1.0 Check Shear on gross section - ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(fc) 1/2 Vn (kips) = 1Z056 

Factored Shear Load = Vu Ilj> Vu/lj> (kips)= 1070.0
 
(lj> = .6 per ACI 349 - 9.3.4)
 

Demand Capacity Ratio
 
__ ...__~~ .. m ....~"" ~""''''' !l$,,;;;~~ __
.~'"':"' 5W:,~"' nrm;p_mT£;'~~'_B~.....~~ Check Code 21.6.5.6 Demand/Capacity Ratio ,;;,;,ji"'"_"""' ..... D/C = (Vu/lj»Nn ..... D/C = 0.09 SHEAR WALL THICKNESS OK ''''''' fi 

2.0 Horizontal Reinforcing Requirements 

2.0a) ACI 349 - 21.6.5.3 Requirements 

Determine Uc : hwIlw = 0.95 Uc = 3 uc=3 for hwllw<1.5. Ucvaries linearly from 3 for hwllw=1.5 to 2 for hwllw=2. 
Determine Concrete Shear Capacity Vc=Acv*uc*(fc) 1/2 Vc= 4521.0 kips
 
Determine Shear Carried by Steel Vs=Vu/lj> -Vc Vs= 0.0 kips
 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) P = 0.0000 

21.6.5.3 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0b) ACI349 -11.10.6 Equation 11-31 Requirements
 

Determine Concrete Shear Capacity Vc= 3978.4 kips
 

Determine Shear Carried by Steel Vs=Vu/lj>-Vc Vs= 0.0 kips 

Determine Required Shear Reinforcing p= 0.0000 p=Vs/(0.8*lw*tv,*144*fy) 

11.10.6 - Equation 11-31 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0c) ACI 349 -11.10.6 Equation 11-32 Requirements
 
Check Bounding Case MuNu - 1.J2 = 8.05 Equation 11-32 APPLICABLE
 

Determine Concrete Shear Capacity Vc= 7648.66663 vc=[0.6*rc0
5+!w*(1.25*rc05+0.2*Ft*1 OOO/(lw*1w*144))/(MuNu-1wf2)J*1w*0.S*lw*144/1 000 

Determine Shear Carried by Steel Vs = 0 Vs=Vu/lj> -Vc 

Determine Required Shear Reinforcing Requirements P = 0.0000 p=Vs/(0.8*lw*tv,*144*fy) 

11.10.6 - Equation 11-32 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn = 0.0025 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in2/ft each face (Pn*12*fw*12/2) 

Use 1-#11@12"clcEF Asn provided = 1.56 in2/ft each face Pn (prov)= 0.0054167 

2.0f) Check Demand I Capacity Ratio for In-Plane Shear:
 
D/C = 0.10 D/C=(Vu/lj>)/[Vc+(Asn*2*fy*lw*fw* 144/( 1Z*fw*12)))
 

me ~~!ic~jjJjr&imJtjfB~~.{*'~~::;::~~"'ZiI'lllIJl:\4AI'III __llili!lil~!&&1'III~}W_U~GU~mttF4~~:;g1<t~.rgr:ITf1i~~' iUWli4,~~~:~~~~"'Si'A_ 2Lt.U!!!ZIl!I'M !:~ . i t.UM;J]>~'!f.i'~ 

3.0 Vertical Reinforcing Requirements 

3.0a) ACI 349 21.6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: hw/lw= 0.95
 
If hwllw>Z.O. use: Pv min =0.0025+0.5(2.5-hwllw)(Pn-0.0025)<=Pn
 

Pv (min) ~.0025 If hwllw<=Z.O, use: Pv>=Pn
 

3.0b) Check Shear Friction Requirements 

In plane shear per foot of wall: 17.35 kipslft 
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Transverse shear per ft of wall: 20.00 kips/ft (Vz)
 

Resultant Shear 26.48 kips/ft [(in-plane shear)2+(transverse shear)2jo.5
 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5:
 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn (MAX) = 460.8 kips/fl Vn(MAX>Resultant shear ....•....OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avf'fy'lJ. lJ. = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 

full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = Vu/2'iPVfy (steel required per face)
 
Avf = 0.26 in"2/ft (steel required on each face for shear friction»
 

Calculate steel required for net Tension force
 

At = T/2'iP'fy'Iw
 
At = 0.00 in"2/ft (steel required on each face for direct tension)
 

Steel Requirements for Shear Friction Avf + At
 

Av= 0.26 inJ\21tt (steel required on each face for shear friction + direct tension)
 

pv(req'd) = 0.0009 (Pv req'd=(2'Av)/(12'tw'12)
 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0025
 

3.0d) Select Vertical Reinforcing Asv required per tt on each face = 0.72 (Pvmin'12'V12/2) 

Use 1-#11@12"clc EF Asv provided = 1.56 in2/tt each face Pv (prov)= 0.0054167 

3.0e) Perform Strain-Compatible Section Analysis - For Axial Force (Tension) Ft = o kips 

iP : Strength reduction factor ( = 0.9 for tension, ACI 3499.3.2.2), iP= 0.9 
c : Distance from compression face to neutral axis (ft)
 
Iw : Length of wall (ft)
 
Es_maJe = [(Iw -c) 1cj , Ee
 
X1 =Iw - c - X2 (ft) (length of wall with tension steel reinforcing steel strain> Ey )
 

X2 =X3 =(Ey lEe) , c (ft) (length of wall with tension 1compression steel reinforcing steel strain < Ey )
 

~ =c - X3 (ft) (length of wall with compression steel reinforcing steel strain> Ey )
 

T1 = X1 ' As ' fy (kips)
 
T2 = C2 = 0.5 ' X2 ' As 'fy (kips)
 
C1 = ~ , As ' fy (kips)
 
C = 0.85' 0.8' c' V fe' 144 (kips)
 
Balanced condition: Tension = Compression, T1+T2-C2-C1-C+FViP = O.
 
Mu : Total moment capacity = iP{T1(X2+X1/2) + T2(X/2/3) + C(c-0.8'cl2) + Ft(l,,/2-c)/if> + C2(X3'2/3) + C1(X3+X4/2)}, (kip-ft)
 

~(tt) 

0.00 5815 

V henfied t at eauatlons were correct 
c (tt) Iw ' c (tt) £s max X1 (tt) X2=X3 (tt) ~(ft) T1 (k) T2=C2 (k) C1 (k) C (k) T1+T2-C2-C1-C+Flcf> Mu (k-tt) 

3 34 0.0227 31.00 3.00 0.00 5803.2 280.8 0 5875 -72 107152 
4 33.0 0.0165 29.00 4.00 0.00 5428.8 374.4 0 7834 -2405 109107 
2 35 0.0350 33.00 2.00 0.00 6177.6 187.2 0 3917 2261 107536 

Perform Strain-Compatible Section Analysis - For Axial Force (Comp) Fc= 730 kips 
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ell: Strength reduction factor (= 0.7 to 0.9 for comp, ACI 3499.3.2.2), ell = 0.8863
 

If Fc<=O,eIl=0.9; if Fc>O,eIl=0.9-0.2·FcI(0.1·Acv·144·fc!1000)
 

~(ft) 

0.00 5683 

ven'fiIed that eauatlons were correc 
c (ft) I - c (ft) £5 ~(ft)w max Xl (ft) X2=X3 (ft)  Tl (k) T2=C2 (k) Cl (k) C (k) Tl +T2-C2-Cl -C+Fc!eIl Mu (k-ft) 

5 32 0.0128 27.00 5.00 0.00 5054.4 468 0 9792 -3914 121531 
4 33.0 0.0165 29.00 4.00 0.00 5428.8 374.4 0 7834 -1581 118031 
3 34 0.0227 31.00 3.00 0.00 5803.2 280.8 0 5875 752 116836 

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

Vertical Reinforcing Ratio Provided by Design: pv(prov)= 0.0054 1-#11@12"clcEF Pv= (2'Asv)/(12'V12) 
D/C = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) D/C= 0.16 Section Adequate 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvl req = 0.0009 Pv req = p:(D/C) 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending: Pvt req = 0.00195 (per face) pfpdI\2·(1-.59pf/fc)=Mu/ell solve for p Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending Pv = 0.0039 

DIG = pv(reqd) I Pv (prav) D/C = 0.72 Section Adequate 
iii tUJ:__ ta1Ui li1.7d~ u a __~~.am§l i fZ ?4-iili"ll¥'~a !w,i~Mk L Iga~~4~~~L::r~:-L MSl'H, 

4.0 Boundary Elements: 

0.95 <2, No Need To Check for Boundary Elements 

5.0 Out·of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete Vc=2'(fc)1fl'b' d Vc = 73.0 kipslft width of wall 

Check Demand I Capacity Ratio: D/C = 0.32 No Shear Reinforcement Required 
D/C = (out-of-plane shear Vz) I (0.85·Vc) 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 ft thick wall with	 1-#11@12"clc EF Horizontal Reinforcement
 
1-#11@12"c/cEF Vertical Reinforcement.
 

For Shear on Gross Section: D/C= 0.09
 
For In-Plane Shear: D/C= 0.10
 
For Out-of-Plane Shear: D/C= 0.32
 
Bending + axial Loads D/C= 0.72
 

Boundary Elements D/C= BOUNDARY ELEMENTS NOT REQUIRED 
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ITransverse Wall COL 8-INTSCUT6---D+L+SRSS 

Design Loads Shear Wall Section Properties Concrete & Rebar Properties 

Axial Force (-Tension) Ft= o kips Height of Wall (segment) hw = 35 ft Concrete Design Strength fc = 5000 psi 
Axial Force (+Comp) Fc= 1647 kips Ht of Wall Between Floors H= 35 ft Concrete Strain ec = 0.002 
In plane shear Vu= 634 Length of Wall (Segment) Iw = 37 ft Rebar Yield Strength fy = 60 ksi 
In plane Moment Mz= 17937 ft-kips Thickness of Wall fw= 4ft Rebar Yield Strain Ey = 0.002 

Shear Area of Wall (Segment) Acv = Iw*fw= 148 ftA2 Min Steel Required Pmln = 0.0025 
Concrete Cover 5 in
 

Out of plane shear Vz = 23 kipslft (Use 5" = 2" clear cover + diameter of the outer layer rebar + 1/2 diameter of the inner layer rebar)
 
Out of plane Moment My = 185 ft-kips/ft (M22+M12) Note: For ACI 349, see Ref. 2.2.14, for sections 1.0 to 6.0 of this design subset.
~~~~~ ~_~iIIIIImIII~~~~__d I1ee;·J~i1iiIli ·M· 1 11_1"_=19~t 

1.0 Check Shear on gross section - ACI 349: 21.6.5.6 

Nominal Shear Capacity = 8*Acv*(fc) 1/2 Vn (kips) = 12056 

Factored Shear Load = Vu I cl> Vu/lj> (kips)= 1056.7 
( lj> = .6 per ACI 349 - 9.3.4) 

Demand Capacity Ratio 
~~ lIlIiJQ_ Check Code 2L6.5.6 Demand/capaci~ Ratio D/C = (Vu/lj»Nn

JUWmilU 

2.0 Horizontal Reinforcing Requirements 

2.0a) ACI 349 - 21.6.5.3 Requirements 

Determine ac : hw I Iw= 0.95 a c = 3 ac=3 for hwllw<1.5. ac varies linearly from 3 for hwllw=1.5 to 2 for hwflw=2. 

Determine Concrete Shear Capacity Vc=Acv*ac*(fc) 1/2 Vc= 4521.0 kips 
Determine Shear Carried by Steel Vs=Vu/lj> -Vc Vs = 0.0 kips 

Determine Required Shear Reinforcing p=Vs/(fy*Acv) p = 0.0000 

21.6.5.3 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS 

2.0b) ACI 349 • 11.10.6 Equation 11-31 Requirements
 

Determine Concrete Shear Capacity Vc= 3978.4 kips Vc=3.3*(fc)OS*(0.8*tw*lw)+F,*0.8*lwI(4*lw)
 

Determine Shear Carried by Steel Vs=Vu/lj>-Vc Vs = 0.0 kips
 

Determine Required Shear Reinforcing p= 0.0000 p=Vs/(0.8*lw*tw*144*fy)
 

11.10.6 - Equation 11-31 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS
 

2.0c) ACI 349 - 11.10.6 Equation 11-32 Requirements
 
Check Bounding Case MuNu - V2 = 9.79 Equation 11-32 APPLICABLE 

Determine Concrete Shear Capacity Vc= 6417.75999 Vc=[0.6*rcoS+!w*(1.2s*rco.s+0.2*Ft*1 000/(!w*1w*144))/(MuNu-lj2)]*1w*0.S*V144/1 000 

Determine Shear Carried by Steel Vs = 0 VS=Vu/lj>-Vc
 

Determine Required Shear Reinforcing Requirements p = 0.0000 p=Vs/(0.8*lw*tw*144*fy)
 

11.10.6 - Equation 11·32 Shear Reinforcing Requirements Pn = 0.0025 MINIMUM STEEL GOVERNS
 

2.0d) Horizontal Shear Reinforcing Requirements (max of 2a, 2b, 2c) Pn = 0.0025
 

2.0e) Select Horizontal Shear Reinforcing Asn required per ft on each face = 0.72 in2/ft each face
 

2Use 1-#11@12"c/c EF Asn provided = 1.56 in /ft each face Pn (prov)=0.00542 

2.0f) Check Demand / Capacity Ratio for In-Plane Shear:
 
D/C = 0.10 D/C=(Vu/lj>)/[Vc+(Asn*2*fy*lw*tw*144/(12*tw*12)))
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3.0 Vertical Reinforcing Requirements 

3.0a) ACI 349 21 .6.5.5 and 11.10.9.4 - Minimum vertical reinforcing ratio: hw/lw = 0.95
 
If hwllw>2.0, use: Pv min =0.0025+0.5(2.5-hwllw)(Pn-0.0025)<=Pn
 

p., (min) = 0.0025 If hwllw<=2.0. use: Pv>=Pn
 

3.0b) Check Shear Friction Requirements 
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In plane shear per foot of wall: 17.14 kipslft 

Transverse shear per ft of wall: 23.00 kips/ft (Vz) 

Resultant Shear 28.68 kipslft [(in-plane shear)z+(transverse shear)zjo5 

Calculate limiting shear friction strength at joint per ACI 349-11.7.5: 

Vn<.2fcAv for fc = 5000 psi Vn=1000Av
 
Vn<800Av The limiting value of 800Av controls
 

Vn (MAX) = 460.8 kips/ft Vn(MAX>Resultant shear OK
 

Calculate shear friction reinforcing requirements per ACI 349 - 11.7.4.1:
 

Vn = Avf*fy*1l 11 = 1.0 for concrete placed against hardened concrete intentionally roughened to a
 

full amplitude of 1/4 inch (ACI 349-11.7.9)
 

Avf = Vu/2*ljl*ll*fy (steel required per face)
 
Avf= 0.28 inA2Ift (steel required on each face for shear friction»
 

Calculate steel required for net Tension force 

At = T/2*ljl*fy*lw 
At = 0.00 inA2Ift (steel required on each face for direct tension) 

Steel Requirements for Shear Friction Avf + At 

Av= 0.28 inA 2Ift (steel required on each face for shear friction + direct tension) 

pv(req'd) = 0.0010 (Pv req'd=(2*Av)/(12*tw*12) 

3.0c) Vertical Reinforcing Requirements (max of 3a,3b) Pv = 0.0025 

3.0d) Select Vertical Reinforcing Asv required per ft on each face = 0.72 in2/ft each face (Pvrnin *12*tw*1212) 

Use 1-#11@12"c/cEF Asv provided = 1.56 in2/ft each face Pv (prov)= 0.00542 

3.0e) Perform Strain-Compatible Section Analysis· For Axial Force (Tension) Ft = o kips 

ljl : Strength reduction factor ( = 0.9 for tension, ACI 349 9.3.2.2), ljl= 0.9 
c : Distance from compression face to neutral axis (ft)
 
lw : Length of wall (ft)
 
l:s_max = [(Iw -c) I c] * Ee
 
X1 = lw - c - Xz(ft) (length of wall with tension steel reinforcing steel strain> cy )
 

Xz =X3 =(cy ICe) * C (ft) (length of wall with tension I compression steel reinforcing steel strain < cy )
 

X4 = c - X3 (ft) (length of wall with compression steel reinforcing steel strain> cy )
 

T1 = X1 * As * fy (kips)
 
Tz= Cz= 0.5 * Xz* As * fy (kips)
 
C1 = X4 * As * fy (kips)
 
C = 0.85 * 0.8 * c *tw * f e * 144 (kips)
 
Balanced condition: Tension = Compression, T1+TZ-CZ-C1-C+Ftlljl = O.
 
Mu : Total moment capacity = ljl{T1(XZ+X1/2) + Tz(Xz*213) + C(c-0.8*cl2) + Ft(lwl2-c)/ljl + Cz(X3*213) + C1(X3+X4/2)}, (kip-ft)
 

E~ E =0.002s y 

~I(=-=--d 
( I,. ) Ec = 0.002 

Strain Diagram 

I t C2
X, x, 1 

Stress Diagram ,,)X 3 x.... 

~(ft) 

0.00 5815 

v 'fi d th enle a t equa rIons were correct 
c (ft) Iw • c (ft) l:s max X, (ft) X2=X3 (ft) X4 (ft) T, (k) T2-C2(k) C, (k) C (k) T,+T2-C2-C,-C+FtlcIl Mu (k-ft) 

4 33 0.0165 29.00 4.00 0.00 5428.8 374.4 0 7834 -2405 109107 
3 34.0 0.0227 31.00 3.00 0.00 5803.2 280.8 0 5875 -72 107152 
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2 35 0.0350 33.00 2.00 0.00 6177.6 187.2 o 3917 2261 107536 

Perform Strain-Compatible Section Analysis - For Axial Force (Comp)	 Fc= 1647 kips 

<I> : Strength reduction factor ( = 0.7 to 0.9 for comp, ACI 349 9.3.2.2), += 0.8691 
If Fc<=O, <1>=0.9; if Fc>O, <I>=0.9-0.2*Fc/(0.1*Acv*144*fJ1000) 

Xt (tt) 
0.00 5511 

Verified that equations were correc 
c (tt) Iw - c (tt) &5 max Xt (tt) C (k) Mu (k-tt) 

5 32 0.0128 27.00 5.00 0.00 5054.4 468 o 9792 -2843 131742 
4 33.0 0.0165 29.00 4.00 0.00 5428.8 374.4 o 7834 -510 129241 
3 34 0.0227 31.00 3.00 0.00 5803.2 280.8 o 5875 1823 129000 

3.0f) Check Demand I Capacity Ratio for In-Plane Moment: 

Vertical Reinforcing Ratio Provided by Design: pv(prov)= 0.0054 1-#11@12"c/cEF Pv = (2*Asv)/(12*t,/12)
 
D/C = (in-plane moment Mz) I (Min of Mu-ten, Mu-comp) D/C= 0.17 Section Adequate
 
Vertical Reinforcing Ratio Required for In-Plane Moment: Pvlreq = 0.0009 Pv req = Pv*(D/C)
 

3.0g) Consider Out-of-Plane Moment: 

Vertical Reinf Ratio Required for Out-of-Plane Bending:	 Pvtreq = 0.00188 (per face) pfybdA2*(1-.59pfJfc)=Mu/<l> solve for P Ref. 2.2.19, Section 4-3 

3.0h) Total Reinforcing required for axial force, in-plane and out of plane bending	 Pv = 0.0038 

DIG == pv(reqdL Pv (prov)	 D/C - 0.69 Section Adequate 

4.0 Boundary Elements: 

= 

0.95 <2, No Need To Check far Boundary Elements 

5.0 Out-of-Plane Shear: 

Nominal Shear Strength Provided by The Concrete Vc=2*(fc)"2*b*d	 Vc= 73.0 kipslft width of wall 

Check Demand I Capacity Ratio: 
D/C = (out-af-plane shear Vz) I (0.85*Vc)
 

D/C = 0.37 No Shear Reinforcement Required
 

6.0 Tabulate Reinforcement Requirements And D/C Ratios: 

Use 4 tt thick wall with	 1-#11@12"c/c EF Horizontal Reinforcement
 
1-#11@12"c/cEF Vertical Reinforcement.
 

For Shear on Gross Section: D/C = 0.09
 
For In-Plane Shear: D/C = 0.10
 
For Out-of-Plane Shear: D/C = 0.37
 
Bending + axial Loads D/C = 0.69
 

Boundary Elements	 D/C= BOUNDARY ELEMENTS NOT REQUIRED 

Initial Handling Facility (IHF): Concrete Structure Design	 51A-DBC-IHOO-00100-000-00A 
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6.6	 Design Summary
 
WALLS DESIGN SUMMARY
 

Design, 
From page. 

Wall Type Wall 
Grid 

Wall 
Segment 

Vertical 
Reinforcement 

each face. 

Horizontal 
Reinforcement 

each face. 

Out-of-plane 
shear with 
tension, 
Max D/C 

In-plane 
shear with 
tension, 
Max D/C 

42-54 Transverse 1  # 11 @ 6" #11@12" 0.32 0.50 

68-80 Transverse 2, 2.3, 2.7  # 11 @ 6" #11@12" 0.27 0.40 

55-67 Transverse 3  # 11 @ 6" #11@12" 0.32 0.53 

147-153 Transverse 3.6  # 11 @ 6" #11@12" 0.16 0.31 

154-166 Transverse 5  # 11 @ 6" #11@12" 0.69 0.41 

167-173 Transverse 7  # 11 @ 12" #11@12" 0.32 0.25 

174-180 Transverse 8  # 11 @ 12" #11@12" 0.37 0.10 

35-41 Longitudinal E,F  1 to 3  # 11 @ 12" #11@12" 0.63 0.25 

133-139 Longitudinal E 3.6 to 8  # 11 @ 12" #11@12" 0.27 0.11 

140-146 Longitudinal F 3.6 to 7  # 11 @ 12" #11@12" 0.31 0.14 
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SLAB DESIGN SUMMARY 

Design, 
From page. 

Slab Type Top of Slab 
Elevation 

Slab 
between 
Grids 

North-South 
Reinforcement 

each face. 

East-West 
Reinforcement 

each face. 

Out-of-plane 
shear with 
tension, 
Max D/C 

In-plane 
shear with 
tension, 
Max D/C 

16-34 Roof  60'-0" 1 to 3  # 11 @ 6"  # 11 @ 12" 0.579 0.594 

81-95 2nd Floor  28'-1" 3.6 to 5  # 11 @ 8" #11@8" 0.680 0.516 

96-118 2nd Floor 37'-0" 5 to 7  # 11 @ 8" #11@8" 0.578 0.400 

119-132 2nd Floor 37'-0" 7 to 8  # 11 @ 8"  # 11 @ 8" 0.492 0.234
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6.7	 CONCRETE FLOOR SLAB AT EL 28’-1” 
The floor slab is a one way slab, 2’-4” thick spanning N-S direction, separated from main concrete structure 
that is supported by steel framing with a metal deck; refer to Initial Handling Facility General Arrangement 
drawing, Ref. 2.2.5. Use #7 @ 12” T & B, E.W., in concrete slab. See Assumption 3.1.6. 

6.8	 CONCRETE FLOOR SLAB AT EL 26’-9” 
The floor slab is a one way slab, 1’ thick spanning N-S direction, separated from main concrete structure 
that is supported by steel framing with a metal deck; refer to Initial Handling Facility General Arrangement 
drawing, Ref. 2.2.5. Use #7 @ 12” T & B, E.W., in concrete slab. See Assumption 3.1.6. 

7. RESULTS AND CONCLUSIONS 

7.1	 Results 

The concrete structure for the IHF has been designed to meet ACI 349-01(Ref. 2.2.14) requirements. The 
design summary shown in Section 6.6 indicates that the reinforcement in the 48” thick structural elements 
satisfy the requirements defined in ACI 349-01. Furthermore, it can be observed that the IHF concrete 
structural elements have a significant reserve margin available. This reserve capacity will be important in 
BDBGM seismic fragility evaluations made for the IHF concrete structure. 

7.2	 Conclusions 

Based on the results from Section 7.1, it is concluded that the IHF concrete structure satisfies the ACI Code 
requirements for DBGM-2 seismic ground motions and 48” thick walls, roof, and floor slabs are 
satisfactory. Additionally, reserve capacity exists, which is significant when performing a seismic fragility 
evaluation for BDBGM in the limited probabilistic risk assessment. 
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ATTACHMENT A 


Shield Plug & Port Slide Gate Loads
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Shield Plug & Port Slide Gate Loads 
Superimposed Dead Loads 

� = 3.14159 

DFLOOR 2: 

Conc Roof Slab thickness = 4.000 ft 
Conc Unit Loads = � C = 0.150 kcf 

Steel Unit Loads = � S = 0.490 kcf 

Number of shield plugs = n P = 1 

Shield plug dia = Dsp = 75.500 in 

Shield plug thickness = tsp = 15.000 in 
Shield plug thickness material = Steel 

Shield Plug: …The circular  Shield Plugs are embeded in the top part of the concrete slab. 

= 6.292 ft Ref. 2.2.10 & 2.2.11 

= 1.250 ft Ref. 2.2.10 & 2.2.11 

Weight of shield plug less wt of concrete replaced = � S - � C n P � / 4 2D SP t SP 

= 0.340 kcf * 1 plugs * 0.7854 * 39.59 sq-ft * 1.250 ft 
= 13.213 kips 

Slide Gates: …The rectangular  Slide Gates are embeded in the top part of the concrete slab. 

Number of Slide Gates = n g = 2 

Length of Slide Gate assembly = L g = 9.667 ft 

Width of Slide Gate assembly = W g  = 9.667 ft 

Thickness of Slide Gate assembly = t g = 13.000 in 

Ref. 2.2.23 

Ref. 2.2.23 

= 1.083 ft Ref. 2.2.23 

Weight of slide gate less wt of concrete replaced = � S - � C n g L g  W g t g 
= 0.340 kcf * 2 gates * 9.667 ft * 9.667 ft * 1.083 ft
 = 68.842 kips 

Total Second Floor Superimposed Dead Load [ Dfloor 2 ] @ Elev 37'-0" : 

Length of roof = L R = 75.000 ft Ref 2.2.4 to 2.2.9 

Width of roof = W R = 41.000 ft Ref 2.2.4 to 2.2.9 

Total roof area = A R = 3,075.00 sq-ft 
2Roof area occupied by Shield Plug = A SP  = n P � / 4 D SP 

= 1 plugs * 0.7854 * 39.59 sq-ft = 31.09 sq-ft 

Roof area occupied by Slide Gate = A g = n g L gO - L gI W g 
= 2 gates * 9.667 ft * 9.667 ft = 186.90 sq-ft 

Local area occupied by steel = A SP  + A g = A L  = 217.99 sq-ft 

SDL from Shield Plug = 13.213 kips 
SDL from Slide Gate = 68.842 kips 

Summary, DFLOOR 2: 

Conservatively assume that, 
This is applied at TOC EL 37'-0". 
This is applied at TOC EL 37'-0". 

Plus one Shield Plug conc load = 14.000 kips 
And each of two Slide Gates conc loads = 35.000 kips 
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SAP2000 Model Sketches 

Page 


Figure B1 – Isometric View of IHF Concrete Building between Column Line 1 & 3 ...................................................B2
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Figure B3 – Elevation View of IHF Concrete Building at Column Lines 1 & 3............................................................B4 


Figure B4 – Typical Elevation View of IHF Concrete Building at Column Lines 2, 2.3, & 2.7....................................B5
 

Figure B5 – Typical Elevation View of IHF Concrete Building at Column Lines E & F ..............................................B6
 

Figure B6 – Isometric View of IHF Concrete Building between Column Line 3.6 & 8 ................................................B7
 

Figure B7 – Plan View of IHF Concrete Building at EL 0’-0”, EL 28’-1”, and EL 37’-0” ...........................................B8
 

Figure B8 – Elevation View of IHF Concrete Building at Column Lines 3.6, 5, 7, & 8 ................................................B9 


Figure B9 – Elevation View of IHF Concrete Building at Column Lines E & F .........................................................B10 
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ATTACHMENT C 

SAP2000 Analysis Model of IHF Concrete Structure 

CD 

A Attachment C contains the SAP2000 models for the IHF concrete structure between COL lines 1 through 3 and 
COL lines 3.6 to 8. The exterior structure is within COL lines 1 and 3; the interior structure is within COL lines 3.6 
and 8. 

�	 Two directories exist in Attachment C: Exterior Structure Model COL 1-3 and Interior Structure Model 
COL 3.6-8. 

o	 There is a sub-folder inside each directory above; Exterior Structure Model COL 1-3 contains two 
sub-folders: Crane Position 1 and Crane Position 2. Interior Structure Model COL 3.6-8 contains 
the corresponding SAP2000 model and input file. 

�	 The sub-folders Crane Position 1 and Crane Position 2 contain their corresponding 
SAP2000 models and input files. 
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ATTACHMENT D 

SAP2000 Output Forces & Moments and Results 

CD 

Attachment D contains the SAP2000 design output forces and moments for the IHF concrete structure between 
column lines 1 through 3 and column lines 3.6 to 8, as well as the results from the SAP2000 model.  

�	 Three directories exist in Attachment D: Output Loads for column 1-3, Output Loads for column 3.6-8, and 
SAP2000 Results. 

o	 Inside the Output Loads directory exists the appropriate design load output excel files for 
longitudinal walls, transverse walls, buttress wall, and slabs in the IHF concrete structure. 

o	 The SAP2000 Results directory contains three excel files which contain the results of the three 
models used in this calculation: Model 1-3 Crane Position 1 Results, Model 1-3 Crane Position 2 
Results, and Model 3.6-8 Results. 
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ATTACHMENT E 

Foundation Basemat Input & Output Forces 

CD 

Attachment E contains the foundation basemat input and output forces from the IHF concrete structure between 
column lines 1 through 3 and column lines 3.6 to 8.  

�	 Two directories exist in Attachment E: Large Basemat for Interior Structure and Small Basemat for 
Exterior Structure. 

o	 Inside each directory exist the corresponding SAP2000 file, which was used to output the basemat 
forces for the IHF foundation, and an excel output of the joint and basemat reactions. 
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