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2.1   

R2   

 

2.1.1   

2.2   R2.2   
 a = in.  
 av = (a)

(b)

in.  

 

 Ab = in.2   
 Abrg = 

in.2  
 

 Ac = in.2

  
 Acf = 

in.2  
  

 Ach = in.2

  
 Acp = in.2

  
 Acs = 

in.2  
  

 Act = 

in.2  
  

 Acv = 

in.2  

  

 Acw = 

in.2  
  

 Af = in.2

  

 Ag = in.2

Ag  
  

 Ah = 

in.2  
  

 Aj = 

in.2  
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 A� = in.2

  

A�,min = in.2   

 An = Nuc

in.2  
  

 Anz = 

in.2  
  

 ANa = 

in.2  
 

 ANao � 

in.2  

  

ANc = 

in.2  
  

 ANco = 

in.2  

  

 Ao = 

in.2  
 

 Aoh = 

in.2  
  

 Apd = 

in.2  
  

 Aps = in.2   

 Apt = in.2    

 As = in.2

  

 sA �  = in.2    

 Asc = in.2

  

 Ase,N = in.2    

 Ase,V = in.2    

 Ash = s bc  (

) in.2  
  

 Asi =  �i

i si

in.2  

  



 9 

As,min = in.2    

 Ast =  (

) in.2  
  

 Asx = in.2

  

 At = s
in.2  

  

 Atp = in.2    

 Atr = 

s in.2  
  

 Ats = in.2    

 Av = s in.2

  

 Avd = 

in.2  
  

 Avf = in.2    

 Avh = s2

in.2  
  

Av,min = s in.2

  

 AVc = 

in.2  
  

 AVco = 

in.2  

  

 A1 = in.2

  

 A2 = 

1 2 in.2  

  

 b = in.    

 bc = Ash

in.  
  

 bf = T in.    

 bo = in.   

 bs = in.    

 bslab = �f Msc    
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 bt = 

in.  
  

 bv = in.   

 bw = in.   

 b1 = bo

in.  
  

 b2 = bo b1

in.  
  

 Bn = lb    

 Bu = lb    

 c = in.   

 cac = 

in.  

  

ca,max = 

in.  
  

 ca,min = 

in.  
  

 ca1 = 

in. ca1

ca1

17.5.2.4  

  

   1ac�  = 1.5

ca1 ca1 in. R17.5.2.4  

 ca2 = ca1

in.  
  

 cb = (a) 

(b) 

in.  

  

 cc = in.    

 cNa = 

in.  
  

 ct = c1

c1 in.  
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 c1 = 

in.  
  

 c2 = c1

in.  
  

 C =    C = lb  

 Cm = 

 
  

 d = 

in.  
  

 d � = 

in.  
  

 da = 

in.  
  

 ad �  = da

in.  
  

 dagg = in.    

 db = in.   

   dburst = Tburst

 dp = 

in.  
  

 dpile = in.    

 D =    

   eanc = 

in.  

 eh = J L

in.  
  

 Ne �  = 

in. Ne �
 

  

Ve�  = 

in. Ve�
 

  

 E =   

 Ec = psi    
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 Ecb = psi    

 Ecs = psi    

 EI = in.2-lb    

 (EI)eff = in.2-lb    

 Ep = psi    

 Es =  ( ) 

psi  
  

 cf �  = psi    

f �c  = psi    

 cif �  = psi   

f �ci  = 

psi  
  

 fce = psi   

 fcm = psi   

 fct = psi   

 fd = 

psi  
  

 fdc = 

psi  
  

 fpc = 

psi fpc

 

  

 fpe = 

psi  

  

 fps = psi   

 fpu = psi    

 fpy = psi    

 fr = psi    
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 fs =  (

) psi  
  

 sf �  =  (

) psi  
  

 fse = psi   

   fsi = i psi  

 ft = 

psi  
  

 futa = psi    

 fy = psi   

 fya = psi    

 fyt = psi    

 F = 

lb  
  

 Fnn = lb    

 Fns = lb    

 Fnt = lb    

 Fun = lb    

 Fus = lb    

 Fut =  lb    

 h = in.    

 ha = 

in.  
  

   hanc = 

in.  

 hef = in.    

   efh�  = 1.5 

hef hef in.  

 hsx = x    

 hu = 

in. �u  
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 hv = in.    

 hw = 

in.  
  

 hx = 

in.  
  

 H = 

lb  

  

 I = in.4    

 Ib =  in.4   

 Icr = 

in.4  
  

 Ie = in.4   

 Ig = 

in.4  
  

 Is = in.4  

 Ise = 

in.4  
  

 Isx = 

in.4  
  

 k =    

 kc =    

 kcp =    

 kf =   

 kn =    

   Kt = 

 Ktr = in.    

   K05 = 5�  

 � = in.   

 �a = in.   

   �anc = in.  
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   �b = in.  

 �c = 

in.  
  

 �d = 

in.  
  

 �dc = in.   

 �db = in.   

 �dh = 

in.  

  

 �dt = 

in.  
  

 �e = in.    

 �ext = in.   

 � n = in.    

 �o = 

in.  
  

 �sc  =  in.    

 �st  =  in.    

 �t  =  (

) (a) (b)

h

in.  

  

 �tr 
= in.    

 �u = in.    

 �v = 

in.  
  

 �w = 

in.  
  

 �1 = in.   

 �2 = �1

in.  
  

 L =    
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 Lr =    

   M = in.-lb

 Ma = 

in.-lb  
  

 Mc = 

in.-lb  
  

 Mcr = in.-lb   

 Mcre = in.-lb   

 Mmax = in.-lb   

 Mn = in.-lb    

 Mnb = 

in.-lb  
  

 Mnc = 

in.-lb  

  

 Mo = in.-lb    

 Mp = 

in.-lb  
  

 Mpr = 

1.25fy

1.0 in.-lb  

  

 Msa = P��
in.-lb  

  

 Msc = , in.-lb   

 Mu = in.-lb    

 Mua = P�

in.-lb  

  

 Mv = 

in.-lb  
  

 M1 = 

in.-lb  
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 M1ns = 

M1

in.-lb  

  

 M1s = 

M1

in.-lb  

  

 M2 = 

M2

M2 in.-lb  

  

M2,min = M2 in.-lb    

 M2ns = 

M2

in.-lb  

  

 M2s = 

M2

in.-lb  

  

 n = 

 
  

 n� =  

 

  

   nt = 

   N = lb

 Na = lb   

 Nag = lb   

 Nb = 

lb  
  

 Nba = lb   

 Nc = 

lb  
  

 Ncb = lb   

 Ncbg = lb   

 Ncp = lb   

 Ncpg = lb   
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 Nn = lb    

 Np = lb   

 Npn = lb    

 Nsa = 

lb  
  

 Nsb = lb    

 Nsbg = lb    

 Nu = Vu Tu

lb
  

 Nua = 

lb  
  

 Nua,g = lb    

 Nua,i = 

lb  
  

 Nua,s = lb    

 Nuc = Vu

lb  
  

 pcp = in.    

 ph = in.   

   P	� = in.-lb

 Pc = lb    

 Pn = lb    

Pn,max = lb    

 Pnt = lb    

Pnt,max = lb    

 Po = lb   

 Ppu = lb    

 Ps = 

lb  
  

 Pu = lb   
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 P� = in.-lb   

 qDu = psf    

 qLu = psf    

 qu = psf    

 Q =   

 r = in.    

 R =    R = lb

 s = 

in.  
  

 si = i
in.  

  

 so = �o in.   

 ss = psi   

 sw = in.    

 s2 = 

in.  
  

 S =    

 Se = 

 

  

 Sm = in.3    

 Sn =   

 Sy =  fy

psi  
  

 t = in.    

 tf = in.    

 T = 

 
  T = lb (T

5.3.6

)  

   Tburst = 

lb  
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 Tcr = in.-lb   

 Tt = lb   

 Tth = in.-lb   

 Tn = in.-lb    

 Tu = in.-lb    

 U =   

 vc = 

psi  
  

 vn = 

psi  
  

 vs = 

psi  
  

 vu = 

psi  
  

 vug = 

psi  
  

   V = lb

 Vb = 

lb  
  

 Vc = lb    

 Vcb = lb   

 Vcbg = lb   

 Vci = 

, lb  
  

 Vcp = lb   

 Vcpg = lb   

 Vcw = 

lb  
  

 Vd = lb   

 Ve = lb   
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 Vi = Mmax

lb  

 Vn = lb    

 Vnh = lb    

 Vp = lb    

 Vs = lb   

 Vsa = 

lb  
  

 Vu = lb    

 Vua = lb   

 Vua,g = lb    

 Vua,i = 

lb   
  

 Vuh = 

lb  
  

 Vus = lb    

   V�

 = lb  

   V
�  = lb  

 wc = 

lb/ft3  
  

   ws = in.

   wt = 

in.  

  wt,max = in.

 wu = lb/in.   

w/cm =    

 W =    

   Wa = lb  

 x = in.    

 y =  in.    
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 yt =  ( ) 

in.  
  

 � =  

 �c =  

 �f =  

 �fm =  �f  

 �f�1 = �1  �f  

 �f�2 = �2  �f  

 �i = i  

 �s = Vc   

 �v = 

 
  

 �1 =    

 �2 =  �1

 
  

 � = 

 

  

 �b = 

 
  

 �dns =   

 �ds  = 

 
  

 �n = 

 
  

 �s = 

 
  

 �t = 

 

  

 �1 =   
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f = Msc

 
  

 
p =    

 
s =   

 
v = 
Msc  

  

 	 =   

 	s = 

 
  

 	u = in.    

 �cr = Mcr

in.  
  

 �n = Mn

in. �
  

 �o = Vus

in. �
  

 �fp = psi   

 �fps = 

psi  
  

�   �fpt = 

Mu / � 

psi  

 �r = 24

in.  

  

 �s = in.    

 �u = in.   

 �x = x in.    

 �1 = 

24 in.  
  

 �2 = 

24
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in.  

�   �cu =  

 �t = 

 

  

 �ty
 

= 

 
  

 � = 

 
  

 � = 

 
  

 �a = 

 
  

 �� =    

 � =    

 � =    

 � = As bd    

 �� = sA � bd    

 �� = 
 

  

 �p = Aps bdp    

 �s = 

 
  

 �t = 

 
  

 

 �v =  

  

 �w = As bwd    

�   � = /  

 � =    

�   �K =  

�   � = psi �
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 �cr = 

psi  
  

 �uncr = 

psi  
  

 �c =    

 �c,N = 

 
  

 �c,P = 

 
  

 �c,V = 

 
   

 �cp,N = 

 (

)  

  

�cp,Na = 

 

  

 �e =   

 �ec,N  =   

�ec,Na = 

 
  

 �ec,V  = 

 
  

 �ed,N  =    

�ed,Na =   

 �ed,V  =    

 �h,V  = ha � 1.5ca1

 
  

 �r =    

 �s =    

 �t =    

 �w =   

 �o =   
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2.3  �
 

R2.3   

 (adhesive)

 

  

 (admixture) 

 

 

 (aggregate) 

 

  

 (gregate, lightweight) 
ASTM C330 ASTM C29

70 lb/ft3  

  (gregate, lightweight) 

 

 (anchor) 

 

  (anchor) 
 (J L ) 

R2.1  

 (anchor, adhesive) 
1.5

 

  (anchor, adhesive) 
17

1.5

1.5

17 ACI 355.4

 (MPII)

 

 (anchor, cast-in) 

 

  

 (anchor, expansion)   (anchor, expansion) 
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(anchor, horizontal or upwardly inclined) 

 

  
(anchor, horizontal or upwardly inclined) 

R2.2

 (anchor, post-installed) 

 

  

 (anchor, undercut)   

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R2.1   

R2.2   
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 (anchor group) 
s

 

  (anchor group) 
 (

)

 

 (anchor pullout strength) 

 

  

 (anchorage device) 

 

  (anchorage device) 

AASHTO “LRFD 

 (LRFD Bridge Design Specifications)” 

 

 
(anchorage device, basic monostrand) 

25.8.1 25.8.2 25.9.3.1a

5/8 in.  

  
(anchorage device, basic monostrand) 

 

 
(anchorage device, basic multistrand) 

25.8.1 25.8.2 25.9.3.1b

5/8 in. 

 

  

 (anchorage device, special) 
25.9.3.1c  

  (anchorage device, special) 
PTI AASHTO 

“LRFD  (LRFD Bridge Design Specifica-

tions)”  (

)

25.9.3

AASHTO

 

 

 (anchorage zone) 

  

 (anchorage zone) 
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 R25.9.1.1b  

 (attachment) 

 

  

B  (B-region) 

 

  

 (base of structure) 

 ( )  

  

 (beam) 

 

  

 (boundary element) 
 ( )

 

  

breakout strength, concrete

 

  

 (building official) 

 “

” 

  

 (cementitious materials) 

 

  

 (collector) 

 

  

 (column)   
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 (column capital) 

 

  

 (compliance requirements) 

 

  (compliance requirements) 

 

 

(composite concrete flexural members) 

 

  

 (compression-controlled section) 

 

  

 
(compression-controlled strain limit) 

 

  

 (concrete) 

 ( )  

  

 (concrete, all-lightweight) 
ASTM C330

 

  

 (concrete, lightweight) 
ASTM C567

90 115 lb/ft3  

  

 (concrete, nonprestressed) 

 

  

 (concrete, normalweight) 
ASTM C33  

  (concrete, normalweight) 
 ( ) 135 160 

lb/ft3 145 150 lb/ft3  

 (concrete, plain) 

 

  (concrete, plain) 

 ( ) 

 

 (concrete, precast)   
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 (concrete, prestressed) 

 

  (concrete, prestressed) 

 “ ”

 

 (concrete, reinforced) 

 

  (concrete, reinforced) 
 

 (concrete, sand-lightweight) 
ASTM C33 ASTM 

C330  

  (concrete, sand-lightweight) 

 

concrete, steel fiber-reinforced

 

   

 
(concrete strength, specified compressive, (fc�)) 

psi �cf

psi

  

 (connection) 

 

  

 (connection, ductile) 

 

  

 (connection, strong) 

 

  

 (construction documents)   
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 (contraction joint) 

 

  

 (cover, specified concrete) 

 

  

 (crosstie) 
90

6db

90 135

 

  

D  (D-region) 
h  

  

 (design displacement) 
 

  (design displacement) 

ASCE/SEI 7  (IBC) 

 

 (design information) 

 

  

 (design load combination) 
 

  

 (design story drift ratio) 

 

  

 (development length) 
 ( ) 

 

  

 (discontinuity) 
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 (distance sleeve) 

 

  

 (drop panel) 

 

  

 (duct) 

 

  

 (durability) 

 

  

 (edge distance) 
 

  

 (effective depth of section)   

 (effective embedment depth) 

 

  (effective embedment depth) 
R2.3  

 (effective prestress) 
20.3.2.6

 

  

 (embedments) 
20

17

 

  

 (embedments, pipe) 
 

  

 (embedment length) 
 

  

 (equilibrium density) 
50 � 5� 73.5 � 3.5�F

ASTM C567
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 (expansion sleeve) 

 

  

 (extreme tension reinforcement)   

 (finite element analysis) 

 

  

 (five percent fractile) 
90�� 95��

 

  (five percent fractile) 
 ( x  � K05ss) 

K05 x ss

n K05 n = � 1.645 n =
40 2.010 n = 10 2.568

17 ACI 355.2

 

 (headed deformed bars) 
 

  (headed deformed bars) 

R20.5.1

4

10  

 (headed bolt) 

 

  

 (headed stud) 
AWSD1.1

 

  

 
(headed shear stud reinforcement) 

 

  

 (hooked bolt)   
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90  (L

) 180  (J ) 

eh 3da  

 (hoop) 

25.7.4  

  

 (inspection) 

 

  

 (inspection, continuous) 

 

 

 (inspection, periodic) 

 

  

 (isolation joint)   

 (jacking force) 

 

  

 (joint) 
 

 (joint)
18.8.4.3 Aj

 

 (licensed design professional) 

 

 (licensed design professional) 
 

 (load)   (load) 

“ ”  “ ” 

 “ ”

 (
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 (load, dead) 
(a)

(b)

 

)

ASCE/SEI-7

 

 (load, factored) 
 

  

 (load, live) 
(a)

 ( ) (b)

 

  

 (load, roof live) 
(a)

(b)

 

  

 (load, service) 

 

  

 (load path) 

 

  

 (MPII) 
(Manufacturer’s Printed Installation Instructions
(MPII)) 

 

  

 (modulus of elasticity) 

 

  

 (moment frame) 

 

  

 (moment frame, intermediate) 
18.4
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 (moment frame, ordinary) 
18.3

 

  

 (moment frame, special) 
18.2.3 18.2.8 18.6 18.8

18.2.3 18.2.8 18.9

 

  

 (net tensile strain) 

 

  

 (nodal zone) 

 

  

 (node)   

 (one-way construction) 

 

  (one-way construction) 

 (pedestal) 

3

 

  

 (plastic hinge region) 

h  

  

 (post-tensioning) 
 

  

 (precompressed tension zone) 

 

  

 (pretensioning) 
 

  

 (projected area) 
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 (projected influence area) 

 

  

 (pryout strength, concrete) 

 

  

 (reinforcement) 
20.2 20.5

 

  

 (reinforcement, anchor)   (reinforcement, anchor) 

 ( 17.4.2.9 17.5.2.9)

 

 (reinforcement, bonded prestressed)
 

  

 (reinforcement, deformed) 
20.2.1.3 20.2.1.5 20.2.1.7

 

  (reinforcement, deformed) 

 “ ”

 

 (reinforcement, nonprestressed) 
 

  

 (reinforcement, plain) 
20.2.1.4 20.2.1.7

 

  

 (reinforcement, prestressed) 
 

  

 (reinforcement, prestressing) 
20.3.1

  

 (reinforcement, supplementary) 

 

  (reinforcement, supplementary) 

 

 
(reinforcement, welded deformed steel bar mat) 
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20.2.1.5

 

 (reinforcement, welded wire) 
20.2.1.7

  

 (Seismic Design Category) 

SDC  

  

 (seismic-force-resisting system) 

 

  

 (seismic hook) 
135

90 6db (

3 in.)

 

  

 (shear cap) 
 

  

 (sheathing) 

 

  (sheathing) 

 

 
(side-face blowout strength, concrete) 

 

  

 (spacing) 

 

  

 (spacing, clear) 
 

  

 (span length) 
 

  

 (special seismic systems) 

 

  

 (specialty insert)   (specialty insert) 
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 (spiral reinforcement) 
 

  

 (fct) (splitting tensile strength (fct)) 
ASTM C330 ASTM C496

 

  

 (steel element, brittle) 
14� 30�

 

  (steel element, brittle) 
14� ASTM

 

 (steel element, ductile) 
14� 

30� ASTM A307

ASTM A615 A706

A955  

  (steel element, ductile) 
14� ASTM

25.5.7.1  

 (stirrup) 

L

U

 

  (stirrup) 
“ ”  “ ”

 “ ” 

strength, design
�  

  

 (strength, nominal)   (strength, nominal) 

n
Pn Mn Vn  

22

 

 (strength, required) 

 

  (strength, required) 
u

Pu

Mu Vu

 � � Pn � Pu � �

Mn � Mu � Vn � Vu.

22  

 

 (stretch length) 

  

 (stretch length) 
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R2.3  

 (structural concrete) 

 

  

 (structural diaphragm) 

 

  

 (structural integrity) 

 

  

 (structural system) 
 

  

 (structural truss) 
 

  

 (structural wall) 

 

  

 
(structural wall, ordinary reinforced concrete) 

11  

  

 
(structural wall, ordinary plain concrete) 

14  

  

 
(structural wall, intermediate precast) 

18.5  

  
(structural wall, intermediate precast) 

18.5

18.5

 

 (structural wall, special) 
18.2.3 18.2.8 18.10

18.2.3 18.2.8 18.11  

  (structural wall, special) 
18.2.3 18.2.8 18.11

 

 (strut)   
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 (strut, bottle-shaped) 
 

  

 (strut-and-tie model) 
D

B  

  

 (tendon) 

 

  

 (tendon, bonded) 

 

  

 (tendon, external)   (tendon, external) 

 

 (tendon, unbonded) 

 

  

 (tension-controlled section) 

0.005  

  

 (tie)   

 (transfer) 

 

  

 (transfer length) 

 

  

 (two-way construction)   
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 (wall) 

3

 

  

 (wall segment) 
 

  

 (wall segment, horizontal) 

 

  (wall segment, horizontal) 
R18.10.4.5  

 (wall segment, vertical) 

 

  

 (wall pier) 

 

  (wall pier) 

 

 (water-cementitious materials ratio) 
 (

)  

  

 (work)   

 (yield strength) 

ASTM

 

  

 

 

 

 

 

 

 

 

 

 

 


