
APPENDIX  I

Analysis Results



This Appendix contains a summary of the selected analyses results.  

 Sensitivity Analysis  

 

 FRP (Fiber Reinforce Polymer) Methodology Hand Calculation & Excel verification  

 

 Arch Rib Analysis  

 

 Vertical Hanger Analysis 

 

 Tie Girder Analysis 

 

 Portal Bracing Analysis 

 

 Substructure Analysis miscellaneous  

 

 Expected Existing Material Properties 

 

 Elevation Shift at Rumsey (NGVD29 to NAVD88) 

 

 











Project: Description

Job No.

BY JC DATE 8/15/2013

Concrete Section input: Steel Reinforcement input: Manufacture FRP input:

Design limits:

Overall, h [in] = 36.00 in 3.00 ft Fy [ksi] = 40 ksi Ult Tensile Strength

            d [in] = 33.56 in 2.80 ft    in Primary Direction = 121,000 psi

Overall, b [in] = 27.00 in 2.25 ft Main Bars # 9 conservative of 1 1/8" SQ bar 4.8 kip/in

Concr f'c [ksi] = 2.5 ksi Tot = 6 conservative base on per as-built. Elongation at Break = 0.85%
Concrete    εc = 0.003 conc strain limit A_s [in^2] = 1 Photos shows 7 bars Tensile Modulus = 1.19E+07 psi

d_s [in] = 1.128 Main Reinforcement 1.19E+04 ksi

PS [yes, no] = no As [in^2] = 6 in sq

phi_PS = 1.00 n, layers [ea] = 2

phi_non-ps = 0.90 Shear Bars # 3 tf [in] = 0.04 in

φ = 0.9 A_v [in^2] = 0.11 Total thickness 0.08 in

d_v [in] = 0.375 Shear Confinement wf [in] = 27.00 in

clr [in] = 1.5 in assumed

φ = 0.9, if es ≥ 0.005

φ = interp if 0.002  ≤ es < 0.005

φ = 0.65, if otherwise

Assumptions:
Plain section remains plane
Max compressive strain in concrete is 0.003
Stress in steel under service load should be limited to 

80% of yield strength

Analysis:
Forces:
F_Conc = 0.85*fc*a*b F_steel = As*fy = F frp = A frp * f fe = 218 kip

458 kip 240 kip  f fe  =  ε fe * E f = 1.01E+02 ksi

 A f = n * tf * wf  = 2.16 in sq

Strains: ε_c / c = = ε_s / (d - c) = = = ε_fe / (h - c)
(similar triangles)
   Concrete εc = 0.003 Steel εs = 0.0077 RFP εfe = 0.0085 RFP with in allowable stain

Yeild εy = 0.0021 steel yields

Neutral Axis:
c [in] = 9.40 in calculated distance between N.A. to extreme conc fiber

F_Conc = F_steel + F_frp
0 =  - F_Conc  + F_steel + F_frp

0 kip

beta = 0.85 (AASHTO 5.7.2.2) function of f'c
a [in] = 8.0 in vertical distance of whitney stress block

Moment Arm:
 Conc Arm = (c - a / 2)  Steel Arm = (d - c)  Fiber Arm = (h - c)

5.40 in 24.16 in 26.60 in

Nominal Moment:
 Conc Contr = 2,476 kip-in  Steel Contr = 5,799 kip-in  Fiber Contr = 5,807 kip-in

  Nominal Moment =
14,083 kip-in
1,174 kip-ft

Factored Moment Strength:
φ φ φ φ Mn [k-in] = 12,675 kip-in > Demand = 5,429 ok
φ Mn [k-ft] = 1,056 kip-ft > Demand = 452 kip-ft ok

FRP composite material thickness per layer

width of FRP reinfocing layers

Fiber Reinforcement Polymer 
Arch Rib - Strong axis

Rumsey

number of layers of FRP reinforcement

QUINCY ENGINEERING, INC.

SHEET

QUINCY ENGINEERING, INC.

SHEET

jasonc
Typewritten text
Hand Calc verification 



Sensitivity Analysis   

Several sensitivity analyses were performed to assess the necessity of obtaining a concrete strength core 

to determine a refined concrete strength of the existing Rumsey Bridge. Base on the sensitivity analyses 

results in the following pages, QEI does not recommend obtaining sampling at this planning phase. For 

more discussion, please see Section 2’s Similar Structure (Stevenson Bridge) study in this Feasibility 

Study.  

 

Original / Baseline Model:   

Existing concrete strength: 2500 psi 

Existing bar reinforcing steel strength: 40 ksi 

Governing elastic D/C ratios: 

 

  



Sensitivity Model:   

Sensitivity Modeling Force and Displacement D/C Results are approximately the same—as 

anticipated. Changing Concrete strength will have more impact on shear strength; however, 

most D/C ratios are governed by axial and flexural capacities. Therefore, globally, the retrofit 

strategy is not affected by the concrete strength. During final design the concrete strength will 

affect eh choice of the number of FRP layers required for a given member. 

Concrete strength: 2000 psi Model  

Governing elastic D/C ratios: 

 

 

 

 

Concrete strength: 1000 psi Model  

Governing elastic D/C ratios: 

 

 

 



Concrete strength: 4000 psi Model  

Governing elastic D/C ratios: 

 



Arch Rib Analysis:  

As-built details of Arch sections & reinforcement:  

       

  

 

 

 
 
 
 
  



Analysis below shows the limits where the Arch Rib exceed D/C ratio of 1.0 in Red: 

 

 

 

 

 

Red block below indicates the approximate location of where the Arch will be retrofitted.  

 
 
 
 

  



 

Moment diagram below indicates the weak access moments on the Arch Ribs.  

 
 
 

Moment diagram below indicates the Strong access moments on the Arch Ribs.  

 
 
 
 
 
 



Project: Description

Job No.

BY JC DATE 5/12/2014

D [in] = 36.00 in 3.00 ft

d [in] = 33.56 in 2.80 ft Fy [ksi] = 40 ksi

b [in] = 27.00 in 2.25 ft

fc [ksi] = 2.5 ksi Main Bars # 9

Tot = 6

PS [yes, no] = no A_s [in^2] = 1

phi_PS = 1.00 d_s [in] = 1.128 Main Reinforcement

phi_non-ps = 1.00 As [in^2] = 6

f = 1

Shear Bars # 3

A_v [in^2] = 0.11

d_v [in] = 0.375 Shear Confinement 

clr [in] = 1.5

Analysis:

F_steel = As*fy = F_Conc = 0.85*fc*a*b

240 kip 240 kip

a [in] = 4.18 in

beta = 0.85 (AASHTO 5.7.2.2)

x [in] = a/beta

4.92 in

Check Steel Yield

e_s = 0.0175 > e_y = 0.0021

steel yields

Arm [in] = 31.47 in

f Mn [k-in] = 7,553 kip-in > Demand = 5,709 ok D/C= 0.76

f Mn [k-ft] = 629 kip-ft > Demand = 476 kip-ft ok

Rumsey Bending

Arch - Strong Axis (Existing)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

D [in] = 27.00 in 2.25 ft

d [in] = 24.56 in 2.05 ft Fy [ksi] = 40 ksi

b [in] = 36.00 in 3.00 ft

fc [ksi] = 2.5 ksi Main Bars # 9

Tot = 2

PS [yes, no] = no A_s [in^2] = 1

phi_PS = 1.00 d_s [in] = 1.128 Main Reinforcement

phi_non-ps = 1.00 As [in^2] = 2

f = 1

Shear Bars # 3

A_v [in^2] = 0.11

d_v [in] = 0.375 Shear Confinement 

clr [in] = 1.5

Analysis:

F_steel = As*fy = F_Conc = 0.85*fc*a*b

80 kip 80 kip

a [in] = 1.05 in

beta = 0.85 (AASHTO 5.7.2.2)

x [in] = a/beta

1.23 in

Check Steel Yield

e_s = 0.0569 > e_y = 0.0021

steel yields

Arm [in] = 24.04 in

f Mn [k-in] = 1,923 kip-in < Demand = 7,606 NG D/C= 3.96

f Mn [k-ft] = 160 kip-ft < Demand = 452 kip-ft NG

Rumsey Bending

Arch - Weak Axis (Existing)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

Compression Member Strength

fc' = 2500 psi Main Bars # 10 Main Reinforcement

t = 36 in Spacing [in] = 8

b = 27 in  Tot = 6

A_s [in^2] = 1.27

d = 33.365 in d_s [in] = 1.27

d' = 2.635 in As [in^2] = 7.62

As = 7.62 in2

As' = 7.62 in2 Shear Bars # 3 Shear Confinement 

Spacing [in] = 18

fy = 40,000 psi A_v [in^2] = 0.11

beta1 = 0.85 d_v [in] = 0.375

Pu = 564 kip Demand clr [in] = 2

(A) Comp Bars # 10 Main Reinforcement

0.1* fc' *Ag Spacing [in] = 8

0.1*fc' *Ag = 243 kips < 564 kip NG Tot = 6

2.32 A_s' [in^2] = 1.27

(B) d_s' [in] = 1.27

0.4*Pb As' [in^2] = 7.62

Balanced Strain Condition (BDS 8.16.4.2.3) Reinforcement of Compession Members (LRFD 5.7.4.2)

a_b = 87000/(87000+fy)*beta1*d Max Reinforcement

a_b = 19.43 in arm Ast/Ag < 0.08

Ast/Ag =  (As+As_prime)/(t*b)

fs' = 87000*(1-d' /d*(87000+fy)/87000) Ast/Ag = 0.018 < 0.08 ok

fs' = 76970.1783 psi stress in rebar

Min Reinforcement

Pb = 0.85*fc' *b*ab +As' * fs' - As*fy axial resistance Ast/Ag > 0.0025 for pier wall, and 0.01 for comp. member

Pb = 1,396,388 lbs Ast/Ag =  (As+As_prime)/(t*b)

Pb = 1,396 kips Ast/Ag = 0.018 > 0.010 ok

0.4*Pb = 559 kips < 564 kip NG

1.01 Min bar # 5, Check 

Pure Compression (LRFD 5.7.4.4) c-c < 12", Check

Po = phi[0.80*fc' (*b*t - As - As')  + (As + As' )*fy] (8-30) for ties

f  = 0.85 Lateral Reinforcement (BDS 8.18.2)

f Po = 2,112,000 lbs spacing > min(12", t=24"), Check

f Po = 2,112 kips > 564 kip ok Greater than #3 if Long. bar <#10, Check

0.27

Ties (BDS 8.18.3)

h_wall = 276 in

Ash = 3.5933 in2

h_c = 31.625 in

Ag = 972 in2

Ac = 850 in2

 0.30*s_t*h_c*fc' /fy *(Ag/Ac-1) =

1.54 in2

3.59 in2 > Demand = 1.54 in2 ok

(LRFD 5.7.4)

Rumsey Arch

Y01-500 Concrete Axial (LRFD)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

LRFD 5.8.3.3

Vn = minium of the following 2 equations Ecco Results:

Vn = Vc + Vs + Vp f V [kip] = 48 kip < Demand = 79 kip NG
Vn = 0.25f'c bv dv + Vp 1.65

b = 36 in Fy [ksi] = 40 ksi

d = 27 in

Ac = 972 in2 Shear Bars # 3

f'c [ksi] = 2,500 psi 2.5 ksi Spacing 18.00 in spacing of stirrup

A_v_bar = 0.11 in2

bv = 36 in eff web width d_v_bar = 0.38 in

dv = 24 in eff shear depth mult by 2 number of bars per plane

Av 0.01 in area of shear reinfocement w/in dist s

5.8.2.5 Minimum Transverse Reinforcement

Av > 0.0316 sqrt (f'c ) bv s / fy

Av = 0.01 in2 NG 0.81 in2 = 0.0316 sqrt (f'c ) bv s / fy

5.8.3.4.2 General Procedure

es = (Mu/dv + 0.5 Nu + |Vu-Vp| - Apsfpo ) / (Es As + Ep Aps)

Mu = 629 k-ft Moment demand

Nu = 562 k Axial demand

Vu = 78 k Shear demand

Vp = 0 k component in direction of applied shear of the effective prestressing force

positive if resisting the applied shear

Aps = 0.00 in2 Area of PS 

fpo =  175 ksi 0.7 fpu Flexural steel info:

Es =  29000 ksi Fy [ksi] = 40 ksi

Ep =  29000 ksi Flex Bars # 9

As = 6.00 in2 flexural steel A_s_bar = 1.00 in2

d_s_bar = 1.13 in

es = 0.0022 mult by 6

Sxe = sx * 1.38 / (ag + 0.63)

sx = min of following 24 in

dv = 24 in

d__ = 36 in dist between layers of long crack control reinf

ag = 0.25 in max agg size  assumed per photos

Sxe = 37.6

theta = 29 + 3500 es

theta = 37 degrees angle of inclination of diagonal comp. stress

If Min Transverse Reinforcement is met

beta = 4.8 / (1+ 750 es)  

beta = 1.80 factor indicating ability of diagonal cracked concrete to transmit tension & shear

If Min Transverse Reinforcement is NOT met

beta = 4.8 / (1+ 750 es)   x   51 / (39 + Sxe)

beta = 1.22 factor indicating ability of diagonal cracked concrete to transmit tension & shear

Select:  beta = 1.2 degrees factor indicating ability of diagonal cracked concrete to transmit tension & shear

theta = 37 degrees angle of inclination of diagonal comp. stress

Select:  alpha = 90 degrees angle of inclination of transverse reinforcemen

Vn = Vc + Vs + Vp

Vc = 0.0316*beta*sqrt(f'c) bv dv

Vc = 53 kip

Vs = Av fy sin(alpha) < 0.095 sqrt(f'c) bv dv

Vs = 0.44 kip < 130 kip

Vn = 53 kip Gov

Vn = 0.25f'c bv dv + Vp

Vn = 540 kip

f = 0.90 Seimsic phi for shear

Select:  f V [kip] = 48 kip < Demand = 79 kip NG

1.65

Rumsey Arch Rib

Y01-500 Shear yy (LRDF 5.8.3.3)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

LRFD 5.8.3.3

Vn = minium of the following 2 equations Ecco Results:

Vn = Vc + Vs + Vp f V [kip] = 42 kip > Demand = 37 kip ok
Vn = 0.25f'c bv dv + Vp 0.87

b = 27 in Fy [ksi] = 40 ksi

d = 36 in

Ac = 972 in2 Shear Bars # 3

f'c [ksi] = 2,500 psi 2.5 ksi Spacing 18.00 in spacing of stirrup

A_v_bar = 0.11 in2

bv = 27 in eff web width d_v_bar = 0.38 in

dv = 33 in eff shear depth mult by 2 number of bars per plane

Av 0.01 in area of shear reinfocement w/in dist s

5.8.2.5 Minimum Transverse Reinforcement

Av > 0.0316 sqrt (f'c ) bv s / fy

Av = 0.01 in2 NG 0.61 in2 = 0.0316 sqrt (f'c ) bv s / fy

5.8.3.4.2 General Procedure

es = (Mu/dv + 0.5 Nu + |Vu-Vp| - Apsfpo ) / (Es As + Ep Aps)

Mu = 629 k-ft Moment demand

Nu = 562 k Axial demand

Vu = 78 k Shear demand

Vp = 0 k component in direction of applied shear of the effective prestressing force

positive if resisting the applied shear

Aps = 0.00 in2 Area of PS 

fpo =  175 ksi 0.7 fpu Flexural steel info:

Es =  29000 ksi Fy [ksi] = 40 ksi

Ep =  29000 ksi Flex Bars # 9

As = 6.00 in2 flexural steel A_s_bar = 1.00 in2

d_s_bar = 1.13 in

es = 0.0022 mult by 6

Sxe = sx * 1.38 / (ag + 0.63)

sx = min of following 33 in

dv = 33 in

d__ = 36 in dist between layers of long crack control reinf

ag = 0.25 in max agg size  assumed per photos

Sxe = 51.8

theta = 29 + 3500 es

theta = 37 degrees angle of inclination of diagonal comp. stress

If Min Transverse Reinforcement is met

beta = 4.8 / (1+ 750 es)  

beta = 1.83 factor indicating ability of diagonal cracked concrete to transmit tension & shear

If Min Transverse Reinforcement is NOT met

beta = 4.8 / (1+ 750 es)   x   51 / (39 + Sxe)

beta = 1.05 factor indicating ability of diagonal cracked concrete to transmit tension & shear

Select:  beta = 1.0 degrees factor indicating ability of diagonal cracked concrete to transmit tension & shear

theta = 37 degrees angle of inclination of diagonal comp. stress

Select:  alpha = 90 degrees angle of inclination of transverse reinforcemen

Vn = Vc + Vs + Vp

Vc = 0.0316*beta*sqrt(f'c) bv dv

Vc = 47 kip

Vs = Av fy sin(alpha) < 0.095 sqrt(f'c) bv dv

Vs = 0.44 kip < 134 kip

Vn = 47 kip Gov

Vn = 0.25f'c bv dv + Vp

Vn = 557 kip

f = 0.90 Seimsic phi for shear

Select:  f V [kip] = 42 kip > Demand = 37 kip ok

0.87

Rumsey Arch Rib

Y01-500 Shear xx (LRDF 5.8.3.3)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

Concrete Section input: Steel Reinforcement input: Manufacture FRP input:

Design limits:

Overall, h [in] = 36.00 in 3.00 ft Fy [ksi] = 40 ksi Ult Tensile Strength 121 ksi

            d [in] = 33.56 in 2.80 ft in Primary Direction = 121,000 psi

Overall, b [in] = 27.00 in 2.25 ft Main Bars # 9 conservative of 1 1/8" SQ bar 4.8 kip/in

Concr f'c [ksi] = 2.5 ksi Tot = 6 conservative base on per as-built. Elongation at Break = 0.6%

Concrete    ec = 0.003 conc strain limit A_s [in^2] = 1 Photos shows 7 bars Tensile Modulus = 1.19E+07 psi

d_s [in] = 1.128 Main Reinforcement 1.19E+04 ksi

PS [yes, no] = no As [in^2] = 6 in sq

phi_PS = 1.00 n, layers [ea] = 5

phi_non-ps = 0.90 Shear Bars # 3 tf [in] = 0.04 in

f = 0.9 A_v [in^2] = 0.11 Total thickness 0.20 in

d_v [in] = 0.375 Shear Confinement wf [in] = 27.00 in

clr [in] = 1.5 in assumed

f = 0.9, if es  0.005

f = interp if 0.002   es < 0.005

f = 0.65, if otherwise

Assumptions:

Plain section remains plane

Max compressive strain in concrete is 0.003

Stress in steel under service load should be limited to 

80% of yield strength

FRP Analysis:

Forces:

F_Conc = 0.85*fc*a*b F_steel = As*fy = F frp = A frp * f fe = 366 kip

606 kip 240 kip  f fe  =  e fe * E f = 68 ksi

 A f = n * tf * wf  = 5.4 in sq

                     RFP within allowable stress

Strains: e_c / c = = e_s / (d - c) = = = e_fe / (h - c)

(similar triangles)

   Concrete ec = 0.003 Steel es = 0.0051 RFP efe = 0.0057

Yeild ey = 0.0021                     RFP within allowable stain

                    steel yields

Neutral Axis:

c [in] = 12.42 in calculated distance between N.A. to extreme conc fiber

F_Conc = F_steel + F_frp

0 =  - F_Conc  + F_steel + F_frp

0 kip

beta = 0.85 (AASHTO 5.7.2.2) function of f'c

a [in] = 10.6 in vertical distance of whitney stress block

Moment Arm:

 Conc Arm = (c - a / 2)  Steel Arm = (d - c)  Fiber Arm = (h - c)

7.14 in 21.14 in 23.58 in

Nominal Moment:

 Conc Contr = 4,328 kip-in  Steel Contr = 5,073 kip-in  Fiber Contr = 8,626 kip-in

  Nominal Moment =

18,027 kip-in

1,502 kip-ft

Factored Moment Strength:

f Mn [k-in] = 16,224 kip-in > Demand = 5,200 ok D/C= 0.32

f Mn [k-ft] = 1,352 kip-ft > Demand = 433 kip-ft ok

Analysis Existing (without FRP) - Strong Axis:

F_Conc = 0.85*fc*a*b F_steel = As*fy =

240 kip 240 kip

a [in] = 4.18 in

beta = 0.85 (AASHTO 5.7.2.2)

c [in] = 4.92 in  = a/beta

Check Steel Yield

e_s = 0.0175 > e_y = 0.0021

steel yields

Arm [in] = 31.47 in

f Mn [k-in] = 7,553 kip-in > Demand = 5,200 ok D/C= 0.69

f Mn [k-ft] = 629 kip-ft > Demand = 433 kip-ft ok

FRP composite material thickness per layer

width of FRP reinfocing layers

Fiber Reinforcement Polymer 

Arch Rib

Strong axis (Retrofitted)

Rumsey

number of layers of FRP reinforcement

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

Concrete Section input: Steel Reinforcement input: Manufacture FRP input:

Design limits:

Overall, h [in] = 27.00 in 2.25 ft Fy [ksi] = 40 ksi Ult Tensile Strength 121 ksi

            d [in] = 24.56 in 2.05 ft in Primary Direction = 121,000 psi

Overall, b [in] = 36.00 in 3.00 ft Main Bars # 9 conservative of 1 1/8" SQ bar 4.8 kip/in

Concr f'c [ksi] = 2.5 ksi Tot = 2 conservative base on per as-built. Elongation at Break = 0.6%

Concrete    ec = 0.003 conc strain limit A_s [in^2] = 1 Photos shows 7 bars Tensile Modulus = 1.19E+07 psi

d_s [in] = 1.128 Main Reinforcement 1.19E+04 ksi

PS [yes, no] = no As [in^2] = 2 in sq

phi_PS = 1.00 n, layers [ea] = 8

phi_non-ps = 0.90 Shear Bars # 3 tf [in] = 0.04 in

f = 0.9 A_v [in^2] = 0.11 Total thickness 0.32 in

d_v [in] = 0.375 Shear Confinement wf [in] = 36.00 in

clr [in] = 1.5 in assumed

f = 0.9, if es  0.005

f = interp if 0.002   es < 0.005

f = 0.65, if otherwise

Assumptions:

Plain section remains plane

Max compressive strain in concrete is 0.003

Stress in steel under service load should be limited to 

80% of yield strength

FRP Analysis:

Forces:

F_Conc = 0.85*fc*a*b F_steel = As*fy = F frp = A frp * f fe = 620 kip

700 kip 40 kip  f fe  =  e fe * E f = 54 ksi

 A f = n * tf * wf  = 11.52 in sq

                     RFP within allowable stress

Strains: e_c / c = = e_s / (d - c) = = = e_fe / (h - c)

(similar triangles)

   Concrete ec = 0.003 Steel es = 0.0038 RFP efe = 0.0045

Yeild ey = 0.0021                     RFP within allowable stain

                    steel yields

Neutral Axis:

c [in] = 10.77 in calculated distance between N.A. to extreme conc fiber

F_Conc = F_steel + F_frp

0 =  - F_Conc  + F_steel + F_frp

0 kip

beta = 0.85 (AASHTO 5.7.2.2) function of f'c

a [in] = 9.2 in vertical distance of whitney stress block

Moment Arm:

 Conc Arm = (c - a / 2)  Steel Arm = (d - c)  Fiber Arm = (h - c)

7.14 in 21.14 in 14.58 in

Nominal Moment:

 Conc Contr = 5,001 kip-in  Steel Contr = 846 kip-in  Fiber Contr = 9,039 kip-in

  Nominal Moment =

14,886 kip-in

1,240 kip-ft

Factored Moment Strength:

f Mn [k-in] = 13,397 kip-in > Demand = 7,032 ok D/C= 0.52

f Mn [k-ft] = 1,116 kip-ft > Demand = 586 kip-ft ok

Analysis Existing (without FRP) - Weak Axis:

F_Conc = 0.85*fc*a*b F_steel = As*fy =

80 kip 80 kip

a [in] = 1.05 in

beta = 0.85 (AASHTO 5.7.2.2)

c [in] = 1.23 in  = a/beta

Check Steel Yield

e_s = 0.0788 > e_y = 0.0021

steel yields

Arm [in] = 24.04 in

f Mn [k-in] = 1,923 kip-in < Demand = 7,032 NG D/C= 3.66

f Mn [k-ft] = 160 kip-ft < Demand = 586 kip-ft NG

FRP composite material thickness per layer

width of FRP reinfocing layers

Rumsey Fiber Reinforcement Polymer 

Arch Rib

Weak axis (Retrofitted)

number of layers of FRP reinforcement

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Vertical Hanger Analysis:  

As-built details of Portal sections & reinforcement:  

       

  

 

 

 
 
 
 
  



Analysis below shows the limits where the entire Hanger set exceed D/C ratio of 1.0 in Red: 

 

 

Analysis below shows the deformation from seismic excitation: 

 

 

 

Red block below indicates the approximate location of where the Hanger will be retrofitted.  

 
 
 
  



Hanger modeling (iteration only):  

 

 
 

 
  



Hanger Moment Curvature Strong Axis:  

 
 
 
 
 



Project: Description

Job No.

BY JC DATE 5/12/2014

Concrete Section input: Steel Reinforcement input: Manufacture FRP input:

Design limits:

Overall, h [in] = 20.00 in 1.67 ft Fy [ksi] = 40 ksi Ult Tensile Strength 121 ksi

            d [in] = 17.49 in 1.46 ft in Primary Direction = 121,000 psi

Overall, b [in] = 15.00 in 1.25 ft Main Bars # 10 4.8 kip/in

Concr f'c [ksi] = 2.5 ksi Tot = 2 Elongation at Break = 0.60%

Concrete    ec = 0.003 conc strain limit A_s [in^2] = 1.27 Photos shows 7 bars Tensile Modulus = 1.19E+07 psi

d_s [in] = 1.27 Main Reinforcement 1.19E+04 ksi

PS [yes, no] = no As [in^2] = 2.54 in sq

phi_PS = 1.00 n, layers [ea] = 6

phi_non-ps = 0.90 Shear Bars # 3 tf [in] = 0.04 in

f = 0.9 A_v [in^2] = 0.11 Total thickness 0.24 in

d_v [in] = 0.375 Shear Confinement wf [in] = 15.00 in

clr [in] = 1.5 in assumed

f = 0.9, if es  0.005

f = interp if 0.002   es < 0.005

f = 0.65, if otherwise

Assumptions:

Plain section remains plane

Max compressive strain in concrete is 0.003

Stress in steel under service load should be limited to 

80% of yield strength

FRP Analysis:

Forces:

F_Conc = 0.85*fc*a*b F_steel = As*fy = F frp = A frp * f fe = 149 kip

251 kip 102 kip  f fe  =  e fe * E f = 41 ksi

 A f = n * tf * wf  = 3.6 in sq

                     RFP within allowable stress

Strains: e_c / c = = e_s / (d - c) = = = e_fe / (h - c)

(similar triangles)

   Concrete ec = 0.003 Steel es = 0.0027 RFP efe = 0.0035

Yeild ey = 0.0021                     RFP within allowable stain

                    steel yields

Neutral Axis:

c [in] = 9.26 in calculated distance between N.A. to extreme conc fiber

F_Conc = F_steel + F_frp

0 =  - F_Conc  + F_steel + F_frp

0 kip

beta = 0.85 (AASHTO 5.7.2.2) function of f'c

a [in] = 7.9 in vertical distance of whitney stress block

Moment Arm:

 Conc Arm = (c - a / 2)  Steel Arm = (d - c)  Fiber Arm = (h - c)

5.32 in 8.23 in 10.74 in

Nominal Moment:

 Conc Contr = 1,335 kip-in  Steel Contr = 837 kip-in  Fiber Contr = 1,603 kip-in

  Nominal Moment =

3,774 kip-in

315 kip-ft

Factored Moment Strength:

f Mn [k-in] = 3,397 kip-in > Demand = 3,350 kip-in ok D/C= 0.99

f Mn [k-ft] = 283 kip-ft > Demand = 279 kip-ft ok

Analysis Existing (without FRP) - Strong Axis (informational only):

F_Conc = 0.85*fc*a*b F_steel = As*fy =

102 kip 102 kip

a [in] = 3.19 in

beta = 0.85 (AASHTO 5.7.2.2)

c [in] = 3.75 in  = a/beta

Check Steel Yield

e_s = 0.0110 > e_y = 0.0021

steel yields

Arm [in] = 15.90 in

f Mn [k-in] = 1,454 kip-in < Demand = 3,350 NG D/C= 2.30

f Mn [k-ft] = 121 kip-ft < Demand = 279 kip-ft NG

FRP composite material thickness per layer

width of FRP reinfocing layers

Fiber Reinforcement Polymer 

Hanger

Strong axis (Retrofitted)

Rumsey

number of layers of FRP reinforcement

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

Analysis Shear Strength (with FRP) - AlongStrong Axis: Shear Bars # 3 Additional Shear RFP added

f Vn, T&B [k] = (Afv Ffe (sin(a) + cos(a) ) dfv ) / sf d, depth of strup 17.75 in n, layers [ea] = 1

682 kip 1.28 Spacing 12.00 in Afv = 2 n tf wf 30 in sq

Vc = 2*sqrt(fc' )*b*d (LDF 8.16.6.2) mult by 2 sides 2 Ffe , FRP eff stress= 15.2 ksi

26 kip Vs_limit  = 8*SQRT(fc' )*b*d/1000 Fy [ksi] = 40 ksi a , shear angle= 20 degrees = estimated, conservative

Vs = Av*fy*d/s 13 kip (LDF 8.16.6.3) 105 kip f (LDF 8.16.1.2.2) = 0.85 dfv , eff FRP depth= 14 in = b - 1"

V_s = 13 kip sf , FRP spacing= 12.00 in

V_Exist [kip] = 39 kip > Demand = 35 kip ok D/C= 0.89 Strength Flexural = 15.2 ksi psi

V_Retro [kip] = 721 kip > Demand = 35 kip ok D/C= 0.05 Flexural Modulus = 384.2 ksi psi

Analysis Axial Tensile Strength:

f Pn [k] =  = As n Fy Main Bars # 10

203 kip Tot = 4

f = 0.9 A_s [in^2] = 1.27

Fy [ksi] = 40 ksi

f Pn [k] = 183 kip > Demand = 110 kip ok D/C= 0.60

number of layers of Shear FRP

Rumsey Fiber Reinforcement Polymer 

Hanger

Shear & Axial (Retrofitted)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

Concrete Section input: Steel Reinforcement input: Manufacture FRP input:

Design limits:

Overall, h [in] = 15.00 in 1.25 ft Fy [ksi] = 40 ksi Ult Tensile Strength 121 ksi

            d [in] = 12.49 in 1.04 ft in Primary Direction = 121,000 psi

Overall, b [in] = 20.00 in 1.67 ft Main Bars # 10 4.8 kip/in

Concr f'c [ksi] = 2.5 ksi Tot = 2 Elongation at Break = 0.60%

Concrete    ec = 0.003 conc strain limit A_s [in^2] = 1.27 Photos shows 7 bars Tensile Modulus = 1.19E+07 psi

d_s [in] = 1.27 Main Reinforcement 1.19E+04 ksi

PS [yes, no] = no As [in^2] = 2.54 in sq

phi_PS = 1.00 n, layers [ea] = 3

phi_non-ps = 0.90 Shear Bars # 3 tf [in] = 0.04 in

f = 0.9 A_v [in^2] = 0.11 Total thickness 0.12 in

d_v [in] = 0.375 Shear Confinement wf [in] = 20.00 in

clr [in] = 1.5 in assumed

f = 0.9, if es  0.005

f = interp if 0.002   es < 0.005

f = 0.65, if otherwise

Assumptions:

Plain section remains plane

Max compressive strain in concrete is 0.003

Stress in steel under service load should be limited to 

80% of yield strength

FRP Analysis:

Forces:

F_Conc = 0.85*fc*a*b F_steel = As*fy = F frp = A frp * f fe = 122 kip

224 kip 51 kip  f fe  =  e fe * E f = 51 ksi

 A f = n * tf * wf  = 2.4 in sq

                     RFP within allowable stress

Strains: e_c / c = = e_s / (d - c) = = = e_fe / (h - c)

(similar triangles)

   Concrete ec = 0.003 Steel es = 0.0031 RFP efe = 0.0043

Yeild ey = 0.0021                     RFP within allowable stain

                    steel yields

Neutral Axis:

c [in] = 6.19 in calculated distance between N.A. to extreme conc fiber

F_Conc = F_steel + F_frp

0 =  - F_Conc  + F_steel + F_frp

0 kip

beta = 0.85 (AASHTO 5.7.2.2) function of f'c

a [in] = 5.3 in vertical distance of whitney stress block

Moment Arm:

 Conc Arm = (c - a / 2)  Steel Arm = (d - c)  Fiber Arm = (h - c)

5.32 in 8.23 in 5.74 in

Nominal Moment:

 Conc Contr = 1,190 kip-in  Steel Contr = 418 kip-in  Fiber Contr = 701 kip-in

  Nominal Moment =

2,309 kip-in

192 kip-ft

Factored Moment Strength:

f Mn [k-in] = 2,078 kip-in > Demand = 1,900 kip-in ok D/C= 0.91

f Mn [k-ft] = 173 kip-ft > Demand = 158 kip-ft ok

Analysis Existing (without FRP) - Weak Axis  (informational only):

F_Conc = 0.85*fc*a*b F_steel = As*fy =

102 kip 102 kip

a [in] = 2.39 in

beta = 0.85 (AASHTO 5.7.2.2)

c [in] = 2.81 in  = a/beta

Check Steel Yield

e_s = 0.0157 > e_y = 0.0021

steel yields

Arm [in] = 16.29 in

f Mn [k-in] = 1,490 kip-in < Demand = 1,900 NG D/C= 1.28

f Mn [k-ft] = 124 kip-ft < Demand = 158 kip-ft NG

number of layers of FRP reinforcement

FRP composite material thickness per layer

width of FRP reinfocing layers

Rumsey Fiber Reinforcement Polymer 

Hanger

Weak axis (Retrofitted)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 
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Rebar Steel Properties

Main Bars 1.125 Main Reinforcement

A_s [in^2] = 1.27

Tot = 5

A_s [in^2] = 6.33

Fy 40 ksi

Tension

Tn  = Fy * As

Tn 253 kips

fTn 253 kips

Demand

Pu 115 kips

D/C 0.45

Rumsey Vertical Hanger

Y01-500 Rebar Tension Yield

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

LRFD 5.8.3.3

Vn = minium of the following 2 equations Ecco Results:

Vn = Vc + Vs + Vp Vn = 1 kip < Demand = 15 kip NG
Vn = 0.25f'c bv dv + Vp 15.00

b = 15 in Fy [ksi] = 40 ksi

d = 20 in

Ac = 300 in2 Shear Bars # 3

f'c [ksi] = 0,000 psi 0.0 ksi worst case Spacing 12.00 in spacing of stirrup

since member in tension A_v_bar = 0.11 in2

bv = 15 in eff web width d_v_bar = 0.38 in

dv = 17 in eff shear depth mult by 2 number of bars per plane

Av 0.02 in area of shear reinfocement w/in dist s

5.8.2.5 Minimum Transverse Reinforcement

Av > 0.0316 sqrt (f'c ) bv s / fy

Av = 0.02 in2 ok 0.00 in2 = 0.0316 sqrt (f'c ) bv s / fy

5.8.3.4.2 General Procedure

es = (Mu/dv + 0.5 Nu + |Vu-Vp| - Apsfpo ) / (Es As + Ep Aps)

Mu = 32184 k-ft Moment demand

Nu = 653 k Axial demand

Vu = 441 k Shear demand

Vp = 0 k component in direction of applied shear of the effective prestressing force

positive if resisting the applied shear

Aps = 0.00 in2 Area of PS 

fpo =  175 ksi 0.7 fpu Flexural steel info:

Es =  29000 ksi Fy [ksi] = 40 ksi

Ep =  29000 ksi Flex Bars # 10

As = 8.89 in2 flexural steel A_s_bar = 1.27 in2

d_s_bar = 1.27 in

es = 0.0103 mult by 7

Sxe = sx * 1.38 / (ag + 0.63)

sx = min of following 17 in

dv = 17 in

d__ = 36 in dist between layers of long crack control reinf

ag = 0.25 in max agg size  assumed per photos

Sxe = 26.7

theta = 29 + 3500 es

theta = 65 degrees angle of inclination of diagonal comp. stress

If Min Transverse Reinforcement is met

beta = 4.8 / (1+ 750 es)  

beta = 0.55 factor indicating ability of diagonal cracked concrete to transmit tension & shear

If Min Transverse Reinforcement is NOT met

beta = 4.8 / (1+ 750 es)   x   51 / (39 + Sxe)

beta = 0.43 factor indicating ability of diagonal cracked concrete to transmit tension & shear

Select:  beta = 0.4 degrees factor indicating ability of diagonal cracked concrete to transmit tension & shear

theta = 65 degrees angle of inclination of diagonal comp. stress

Select:  alpha = 90 degrees angle of inclination of transverse reinforcemen

Vn = Vc + Vs + Vp

Vc = 0.0316*beta*sqrt(f'c) bv dv

Vc = 0 kip

Vs = Av fy sin(alpha) < 0.095 sqrt(f'c) bv dv

Vs = 0.66 kip < 0 kip

Vn = 1 kip Gov

Vn = 0.25f'c bv dv + Vp

Vn = 0 kip

f = 0.90 Seimsic phi for shear

Select:  f V [kip] = 1 kip < Demand = 15 kip NG

15.00

Rumsey Vertical Hanger

Y01-500 Shear yy (LRDF 5.8.3.3)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 
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LRFD 5.8.3.3

Vn = minium of the following 2 equations Ecco Results:

Vn = Vc + Vs + Vp f V [kip] = 1 kip < Demand = 30 kip NG
Vn = 0.25f'c bv dv + Vp 30.00

b = 20 in Fy [ksi] = 40 ksi

d = 15 in

Ac = 300 in2 Shear Bars # 4

f'c [ksi] = 0,000 psi 0.0 ksi worst case Spacing 18.00 in spacing of stirrup

since member in tension A_v_bar = 0.20 in2

bv = 20 in eff web width d_v_bar = 0.50 in

dv = 12 in eff shear depth mult by 2 number of bars per plane

Av 0.02 in area of shear reinfocement w/in dist s

5.8.2.5 Minimum Transverse Reinforcement

Av > 0.0316 sqrt (f'c ) bv s / fy

Av = 0.02 in2 ok 0.00 in2 = 0.0316 sqrt (f'c ) bv s / fy

5.8.3.4.2 General Procedure

es = (Mu/dv + 0.5 Nu + |Vu-Vp| - Apsfpo ) / (Es As + Ep Aps)

Mu = 13063 k-ft Moment demand

Nu = 653 k Axial demand

Vu = 263 k Shear demand

Vp = 0 k component in direction of applied shear of the effective prestressing force

positive if resisting the applied shear

Aps = 0.00 in2 Area of PS 

fpo =  175 ksi 0.7 fpu Flexural steel info:

Es =  29000 ksi Fy [ksi] = 40 ksi

Ep =  29000 ksi Flex Bars # 10

As = 5.08 in2 flexural steel A_s_bar = 1.27 in2

d_s_bar = 1.27 in

es = 0.0114 mult by 4 approx effective

Sxe = sx * 1.38 / (ag + 0.63)

sx = min of following 12 in

dv = 12 in

d__ = 36 in dist between layers of long crack control reinf

ag = 0.25 in max agg size  assumed per photos

Sxe = 18.8

theta = 29 + 3500 es

theta = 69 degrees angle of inclination of diagonal comp. stress

If Min Transverse Reinforcement is met

beta = 4.8 / (1+ 750 es)  

beta = 0.50 factor indicating ability of diagonal cracked concrete to transmit tension & shear

If Min Transverse Reinforcement is NOT met

beta = 4.8 / (1+ 750 es)   x   51 / (39 + Sxe)

beta = 0.45 factor indicating ability of diagonal cracked concrete to transmit tension & shear

Select:  beta = 0.5 degrees factor indicating ability of diagonal cracked concrete to transmit tension & shear

theta = 69 degrees angle of inclination of diagonal comp. stress

Select:  alpha = 90 degrees angle of inclination of transverse reinforcemen

Vn = Vc + Vs + Vp

Vc = 0.0316*beta*sqrt(f'c) bv dv

Vc = 0 kip

Vs = Av fy sin(alpha) < 0.095 sqrt(f'c) bv dv

Vs = 0.79 kip < 0 kip

Vn = 1 kip Gov

Vn = 0.25f'c bv dv + Vp

Vn = 0 kip

f = 0.90 Seimsic phi for shear

Select:  f V [kip] = 1 kip < Demand = 30 kip NG

30.00

Rumsey Vertical Hanger

Y01-500 Shear xx (LRDF 5.8.3.3)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Tie Girder Retrofit:  

As-built details of Girder-Tie sections & reinforcement:  

      

 
  



 
 
 
Analysis below shows the limits where the Girder-Ties exceed D/C ratio of 1.0 in Red: 

 
 

 

 

 

Red block below indicates the approximate location of where the Girder Ties will be retrofitted.  

 

 
 
 

  



Screenshot below indicates that the retrofitted Girder-Ties all have D/C’s lower than 1.0.  

 

 

 
  



 

Moment diagram below indicates the weak access moments on the Girder-Ties.  

 
 
 

Moment diagram below indicates the Strong access moments on the Girder-Ties.  

 
 
 
Photo of existing Girder-Ties.  

 
 
 



Project: Description
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BY JC DATE 5/12/2014

D [in] = 63.00 in 5.25 ft

d [in] = 60.44 in 5.04 ft Fy [ksi] = 40 ksi

b [in] = 23.00 in 1.92 ft

fc [ksi] = 2.5 ksi Main Bars 1 1/8 SQ 35.3

Tot = 12 25.2

PS [yes, no] = no A_s [in^2] = 1.27

phi_PS = 1.00 d_s [in] = 1.125 Main Reinforcement

phi_non-ps = 0.90 As [in^2] = 15.1875

f = 1.00 for seismic 

Shear Bars # 4

A_v [in^2] = 0.2

d_v [in] = 0.5 Shear Confinement 

clr [in] = 1.5

Analysis:

F_steel = As*fy = F_Conc = 0.85*fc*a*b

608 kip 608 kip

a [in] = 12.43 in

beta = 0.85 (AASHTO 5.7.2.2)

x [in] = a/beta

14.62 in

Check Steel Yield

e_s = 0.0094 > e_y = 0.0021

steel yields

Arm [in] = 54.22 in

f Mn [k-in] = 32,940 kip-in > Demand = 31,025 kip-in ok D/C= 0.94

f Mn [k-ft] = 2,745 kip-ft > Demand = 2,585 kip-ft ok

Rumsey Bending

Girder Tie Strong Axis xx

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

D [in] = 23.00 in 1.92 ft

d [in] = 20.44 in 1.70 ft Fy [ksi] = 40 ksi

b [in] = 63.00 in 5.25 ft

fc [ksi] = 2.5 ksi Main Bars 1 1/8 SQ 11.9

Tot = 2 8.5

PS [yes, no] = no A_s [in^2] = 1.27

phi_PS = 1.00 d_s [in] = 1.125 Main Reinforcement

phi_non-ps = 0.90 As [in^2] = 2.53125

f = 1.00 for seismic 

Shear Bars # 4

A_v [in^2] = 0.2

d_v [in] = 0.5 Shear Confinement 

clr [in] = 1.5

Analysis:

F_steel = As*fy = F_Conc = 0.85*fc*a*b

101 kip 101 kip

a [in] = 0.76 in

beta = 0.85 (AASHTO 5.7.2.2)

x [in] = a/beta

0.89 in

Check Steel Yield

e_s = 0.0659 > e_y = 0.0021

steel yields

Arm [in] = 20.06 in

f Mn [k-in] = 2,031 kip-in < Demand = 3,229 kip-in NG D/C= 1.59

f Mn [k-ft] = 169 kip-ft < Demand = 269 kip-ft NG

Rumsey Bending

Girder Tie Strong Axis yy

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.
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Concrete Section input: Steel Reinforcement input: Manufacture FRP input:

Design limits:

Overall, h [in] = 63.00 in 5.25 ft Fy [ksi] = 40 ksi Ult Tensile Strength 121 ksi

            d [in] = 60.44 in 5.04 ft in Primary Direction = 121,000 psi

Overall, b [in] = 48.00 in 4.00 ft Main Bars 1 1/8 SQ conservative of 1 1/8" SQ bar 4.8 kip/in

Concr f'c [ksi] = 2.5 ksi Tot = 12 conservative base on per as-built. Elongation at Break = 0.60%

Concrete    ec = 0.003 conc strain limit A_s [in^2] = 1.27 Photos shows 7 bars Tensile Modulus = 1.19E+07 psi

d_s [in] = 1.125 Main Reinforcement 1.19E+04 ksi

PS [yes, no] = no As [in^2] = 15.2 in sq

phi_PS = 1.00 n, layers [ea] = 0

phi_non-ps = 0.90 Shear Bars # 4 tf [in] = 0.04 in

f = 0.9 A_v [in^2] = 0.2 Total thickness 0.00 in

d_v [in] = 0.5 Shear Confinement wf [in] = 48.00 in

clr [in] = 1.5 in assumed

f = 0.9, if es  0.005

f = interp if 0.002   es < 0.005

f = 0.65, if otherwise

Assumptions:

Plain section remains plane

Max compressive strain in concrete is 0.003

Stress in steel under service load should be limited to 

80% of yield strength

FRP Analysis:

Forces:

F_Conc = 0.85*fc*a*b F_steel = As*fy = F frp = A frp * f fe = 0 kip

608 kip 608 kip  f fe  =  e fe * E f = 285 ksi

 A f = n * tf * wf  = 0 in sq

                     RFP design tensile stress limit exceeded!!!

Strains: e_c / c = = e_s / (d - c) = = = e_fe / (h - c)

(similar triangles)

   Concrete ec = 0.003 Steel es = 0.0229 RFP efe = 0.0240

Yeild ey = 0.0021                     RFP design longation limit exceeded!!!

                    steel yields

Neutral Axis:

c [in] = 7.01 in calculated distance between N.A. to extreme conc fiber

F_Conc = F_steel + F_frp

0 =  - F_Conc  + F_steel + F_frp

0 kip

beta = 0.85 (AASHTO 5.7.2.2) function of f'c

a [in] = 6.0 in vertical distance of whitney stress block

Moment Arm:

 Conc Arm = (c - a / 2)  Steel Arm = (d - c)  Fiber Arm = (h - c)

4.03 in 53.43 in 55.99 in

Nominal Moment:

 Conc Contr = 2,448 kip-in  Steel Contr = 32,459 kip-in  Fiber Contr = 0 kip-in

  Nominal Moment =

34,907 kip-in

2,909 kip-ft

Factored Moment Strength:

f Mn [k-in] = 31,416 kip-in > Demand = 26,400 kip-in ok D/C= 0.84

f Mn [k-ft] = 2,618 kip-ft > Demand = 2,200 kip-ft ok

Analysis Existing (without FRP) - Strong Axis:

F_Conc = 0.85*fc*a*b F_steel = As*fy =

608 kip 608 kip

a [in] = 5.96 in

beta = 0.85 (AASHTO 5.7.2.2)

c [in] = 7.01 in  = a/beta

Check Steel Yield

e_s = 0.0229 > e_y = 0.0021

steel yields

Arm [in] = 57.46 in

f Mn [k-in] = 31,416 kip-in > Demand = 26,400 ok D/C= 0.84

f Mn [k-ft] = 2,618 kip-ft > Demand = 2,200 kip-ft ok

width of FRP reinfocing layers

Strong axis (no FRP)

number of layers of FRP reinforcement

FRP composite material thickness per layer

Rumsey Fiber Reinforcement Polymer 

Arch Rib

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 
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Job No.
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Concrete Section input: Steel Reinforcement input: Manufacture FRP input:

Design limits:

Overall, h [in] = 48.00 in 4.00 ft Fy [ksi] = 40 ksi Ult Tensile Strength 121 ksi

            d [in] = 45.44 in 3.79 ft in Primary Direction = 121,000 psi

Overall, b [in] = 63.00 in 5.25 ft Main Bars 1 1/8 SQ conservative of 1 1/8" SQ bar 4.8 kip/in

Concr f'c [ksi] = 2.5 ksi Tot = 2 conservative base on per as-built. Elongation at Break = 0.60%

Concrete    ec = 0.003 conc strain limit A_s [in^2] = 1.27 Tensile Modulus = 1.19E+07 psi

d_s [in] = 1.125 1.19E+04 ksi

PS [yes, no] = no As [in^2] = 2.53 in sq

phi_PS = 1.00 n, layers [ea] = 2

phi_non-ps = 0.90 Shear Bars # 4 tf [in] = 0.04 in

f = 0.9 A_v [in^2] = 0.2 Total thickness 0.08 in

d_v [in] = 0.5 Shear Confinement wf [in] = 63.00 in

clr [in] = 1.5 in assumed

f = 0.9, if es  0.005

f = interp if 0.002   es < 0.005

f = 0.65, if otherwise

Assumptions:

Plain section remains plane

Max compressive strain in concrete is 0.003

Stress in steel under service load should be limited to 

80% of yield strength

FRP Analysis:

Forces:

F_Conc = 0.85*fc*a*b F_steel = As*fy = F frp = A frp * f fe = 350 kip

1,853 kip 51 kip  f fe  =  e fe * E f = 70 ksi

 A f = n * tf * wf  = 5.04 in sq

                     RFP within allowable stress

Strains: e_c / c = = e_s / (d - c) = = = e_fe / (h - c)

(similar triangles)

   Concrete ec = 0.003 Steel es = 0.0054 RFP efe = 0.0058

Yeild ey = 0.0021                     RFP within allowable stain

                    steel yields

Neutral Axis:

c [in] = 16.29 in calculated distance between N.A. to extreme conc fiber

F_Conc = F_steel + F_frp

0 =  - F_Conc  + F_steel + F_frp

-1,402 kip

beta = 0.85 (AASHTO 5.7.2.2) function of f'c

a [in] = 13.8 in vertical distance of whitney stress block

Moment Arm:

 Conc Arm = (c - a / 2)  Steel Arm = (d - c)  Fiber Arm = (h - c)

4.03 in 53.43 in 40.99 in

Nominal Moment:

 Conc Contr = 7,467 kip-in  Steel Contr = 2,705 kip-in  Fiber Contr = 14,364 kip-in

  Nominal Moment =

24,535 kip-in

2,045 kip-ft

Factored Moment Strength:

f Mn [k-in] = 22,081 kip-in > Demand = 13,800 kip-in ok D/C= 0.62

f Mn [k-ft] = 1,840 kip-ft > Demand = 1,150 kip-ft ok

Analysis Existing (without FRP) - Weak Axis:

F_Conc = 0.85*fc*a*b F_steel = As*fy =

101 kip 101 kip

a [in] = 0.76 in

beta = 0.85 (AASHTO 5.7.2.2)

c [in] = 0.89 in  = a/beta

Check Steel Yield

e_s = 0.2008 > e_y = 0.0021

steel yields

Arm [in] = 60.06 in

f Mn [k-in] = 5,473 kip-in < Demand = 13,800 NG D/C= 2.52

f Mn [k-ft] = 456 kip-ft < Demand = 1,150 kip-ft NG

width of FRP reinfocing layers

Weak axis (Retrofitted)

number of layers of FRP reinforcement

FRP composite material thickness per layer

Rumsey Fiber Reinforcement Polymer 

Arch Rib

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

Compression Member Strength

fc' = 2500 psi Main Bars # 10 Main Reinforcement

t = 63 in Spacing [in] = 8

b = 23 in  Tot = 6

A_s [in^2] = 1.27

d = 60.365 in d_s [in] = 1.27

d' = 2.635 in As [in^2] = 7.62

As = 7.62 in2

As' = 7.62 in2 Shear Bars # 4 Shear Confinement 

Spacing [in] = 18

fy = 40,000 psi A_v [in^2] = 0.2

beta1 = 0.85 d_v [in] = 0.5

Pu = 635 kip Demand clr [in] = 2

(A) Comp Bars # 10 Main Reinforcement

0.1* fc' *Ag Spacing [in] = 8

0.1*fc' *Ag = 362 kips < 635 kip NG Tot = 6

1.75 A_s' [in^2] = 1.27

(B) d_s' [in] = 1.27

0.4*Pb As' [in^2] = 7.62

Balanced Strain Condition (BDS 8.16.4.2.3) Reinforcement of Compession Members (LRFD 5.7.4.2)

a_b = 87000/(87000+fy)*beta1*d Max Reinforcement

a_b = 35.15 in arm Ast/Ag < 0.08

Ast/Ag =  (As+As_prime)/(t*b)

fs' = 87000*(1-d' /d*(87000+fy)/87000) Ast/Ag = 0.012 < 0.08 ok

fs' = 81456.3075 psi stress in rebar

Min Reinforcement

Pb = 0.85*fc' *b*ab +As' * fs' - As*fy axial resistance Ast/Ag > 0.0025 for pier wall, and 0.01 for comp. member

Pb = 2,033,831 lbs Ast/Ag =  (As+As_prime)/(t*b)

Pb = 2,034 kips Ast/Ag = 0.012 > 0.010 ok

0.4*Pb = 814 kips > 635 kip ok

0.78 Min bar # 5, Check 

Pure Compression (LRFD 5.7.4.4) c-c < 12", Check

Po = phi[0.80*fc' (*b*t - As - As')  + (As + As' )*fy] (8-30) for ties

f  = 1.00 Lateral Reinforcement (BDS 8.18.2)

f Po = 3,477,120 lbs spacing > min(12", t=24"), Check

f Po = 3,477 kips > 635 kip ok Greater than #3 if Long. bar <#10, Check

0.18

Ties (BDS 8.18.3)

h_wall = 276 in

Ash = 6.5333 in2

h_c = 58.5 in

Ag = 1449 in2

Ac = 1341 in2

 0.30*s_t*h_c*fc' /fy *(Ag/Ac-1) =

1.59 in2

6.53 in2 > Demand = 1.59 in2 ok

(LRFD 5.7.4)

Rumsey Girder Tie

Y01-500 Concrete Axial (LRFD)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

LRFD 5.8.3.3

Vn = minium of the following 2 equations Ecco Results:

Vn = Vc + Vs + Vp f V [kip] = 29 kip < Demand = 129 kip NG
Vn = 0.25f'c bv dv + Vp 4.45

b = 63 in Fy [ksi] = 40 ksi

d = 23 in

Ac = 1449 in2 Shear Bars # 4

f'c [ksi] = 2,500 psi 2.5 ksi Spacing 18.00 in spacing of stirrup

A_v_bar = 0.20 in2

bv = 63 in eff web width d_v_bar = 0.50 in

dv = 20 in eff shear depth mult by 2 number of bars per plane

Av 0.02 in area of shear reinfocement w/in dist s

5.8.2.5 Minimum Transverse Reinforcement

Av > 0.0316 sqrt (f'c ) bv s / fy

Av = 0.02 in2 NG 1.42 in2 = 0.0316 sqrt (f'c ) bv s / fy

Analysis:

5.8.3.4.2 General Procedure

es = (Mu/dv + 0.5 Nu + |Vu-Vp| - Apsfpo ) / (Es As + Ep Aps)

Mu = 32184 k-ft Moment demand

Nu = 653 k Axial demand

Vu = 441 k Shear demand

Vp = 0 k component in direction of applied shear of the effective prestressing force

positive if resisting the applied shear

Aps = 0.00 in2 Area of PS 

fpo =  175 ksi 0.7 fpu Flexural steel info:

Es =  29000 ksi Fy [ksi] = 40 ksi

Ep =  29000 ksi Flex Bars # 10

As = 8.89 in2 flexural steel A_s_bar = 1.27 in2

d_s_bar = 1.27 in

es = 0.0092 mult by 7

Sxe = sx * 1.38 / (ag + 0.63)

sx = min of following 20 in

dv = 20 in

d__ = 36 in dist between layers of long crack control reinf

ag = 0.25 in max agg size  assumed per photos

Sxe = 31.4

theta = 29 + 3500 es

theta = 61 degrees angle of inclination of diagonal comp. stress

If Min Transverse Reinforcement is met

beta = 4.8 / (1+ 750 es)  

beta = 0.61 factor indicating ability of diagonal cracked concrete to transmit tension & shear

If Min Transverse Reinforcement is NOT met

beta = 4.8 / (1+ 750 es)   x   51 / (39 + Sxe)

beta = 0.45 factor indicating ability of diagonal cracked concrete to transmit tension & shear

Select:  beta = 0.4 degrees factor indicating ability of diagonal cracked concrete to transmit tension & shear

theta = 61 degrees angle of inclination of diagonal comp. stress

Select:  alpha = 90 degrees angle of inclination of transverse reinforcemen

Vn = Vc + Vs + Vp

Vc = 0.0316*beta*sqrt(f'c) bv dv

Vc = 28 kip

Vs = Av fy sin(alpha) < 0.095 sqrt(f'c) bv dv

Vs = 0.79 kip < 189 kip

Vn = 29 kip Gov

Vn = 0.25f'c bv dv + Vp

Vn = 788 kip

f = 1.00 Seimsic phi for shear

Select:  f V [kip] = 29 kip < Demand = 129 kip NG

4.45

Rumsey Girder Tie

Y01-500 Shear (LRDF 5.8.3.3)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

LRFD 5.8.3.3

Vn = minium of the following 2 equations Ecco Results:

Vn = Vc + Vs + Vp f V [kip] = 36 kip < Demand = 69 kip NG
Vn = 0.25f'c bv dv + Vp 1.91

b = 23 in Fy [ksi] = 40 ksi

d = 63 in

Ac = 1449 in2 Shear Bars # 4

f'c [ksi] = 2,500 psi 2.5 ksi Spacing 18.00 in spacing of stirrup

A_v_bar = 0.20 in2

bv = 23 in eff web width d_v_bar = 0.50 in

dv = 60 in eff shear depth mult by 2 number of bars per plane

Av 0.02 in area of shear reinfocement w/in dist s

5.8.2.5 Minimum Transverse Reinforcement

Av > 0.0316 sqrt (f'c ) bv s / fy

Av = 0.02 in2 NG 0.52 in2 = 0.0316 sqrt (f'c ) bv s / fy

Analysis:

5.8.3.4.2 General Procedure

es = (Mu/dv + 0.5 Nu + |Vu-Vp| - Apsfpo ) / (Es As + Ep Aps)

Mu = 13063 k-ft Moment demand

Nu = 653 k Axial demand

Vu = 263 k Shear demand

Vp = 0 k component in direction of applied shear of the effective prestressing force

positive if resisting the applied shear

Aps = 0.00 in2 Area of PS 

fpo =  175 ksi 0.7 fpu Flexural steel info:

Es =  29000 ksi Fy [ksi] = 40 ksi

Ep =  29000 ksi Flex Bars # 10

As = 5.08 in2 flexural steel A_s_bar = 1.27 in2

d_s_bar = 1.27 in

es = 0.0055 mult by 4 approx effective

Sxe = sx * 1.38 / (ag + 0.63)

sx = min of following 36 in

dv = 60 in

d__ = 36 in dist between layers of long crack control reinf

ag = 0.25 in max agg size  assumed per photos

Sxe = 56.5

theta = 29 + 3500 es

theta = 48 degrees angle of inclination of diagonal comp. stress

If Min Transverse Reinforcement is met

beta = 4.8 / (1+ 750 es)  

beta = 0.94 factor indicating ability of diagonal cracked concrete to transmit tension & shear

If Min Transverse Reinforcement is NOT met

beta = 4.8 / (1+ 750 es)   x   51 / (39 + Sxe)

beta = 0.51 factor indicating ability of diagonal cracked concrete to transmit tension & shear

Select:  beta = 0.5 degrees factor indicating ability of diagonal cracked concrete to transmit tension & shear

theta = 48 degrees angle of inclination of diagonal comp. stress

Select:  alpha = 90 degrees angle of inclination of transverse reinforcemen

Vn = Vc + Vs + Vp

Vc = 0.0316*beta*sqrt(f'c) bv dv

Vc = 35 kip

Vs = Av fy sin(alpha) < 0.095 sqrt(f'c) bv dv

Vs = 0.79 kip < 207 kip

Vn = 36 kip Gov

Vn = 0.25f'c bv dv + Vp

Vn = 863 kip

f = 1.00 Seimsic phi for shear

Select:  f V [kip] = 36 kip < Demand = 69 kip NG

1.91

Rumsey Girder Tie

Y01-500 Shear (LRDF 5.8.3.3)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Portal Bracing:  

As-built details of Portal sections & reinforcement:  

       

  

 

 

 
 
 
 
  



Analysis below shows the limits where the Portal exceed D/C ratio of 1.0 in Red: 

 

 

 

 

Red block below indicates the approximate location of where the Portal will be retrofitted.  

 
 
 



Portal modeling:  

 

 
 

 
  



Portal Moment Curvature to determine I_crack:  

 

 
 

 
 



Project: Description

Job No.

BY JC DATE 5/12/2014

Concrete Section input: Steel Reinforcement input: Manufacture FRP input:

Design limits:

Overall, h [in] = 36.00 in 3.00 ft Fy [ksi] = 40 ksi Ult Tensile Strength 121 ksi

            d [in] = 33.69 in 2.81 ft in Primary Direction = 121,000 psi

Overall, b [in] = 24.00 in 2.00 ft Main Bars # 7 conservative of 1 1/8" SQ bar 4.8 kip/in

Concr f'c [ksi] = 2.5 ksi Tot = 3 conservative base on per as-built. Elongation at Break = 0.85%

Concrete    ec = 0.003 conc strain limit A_s [in^2] = 0.6 Photos shows 7 bars Tensile Modulus = 1.19E+07 psi

d_s [in] = 0.875 Main Reinforcement 1.19E+04 ksi

PS [yes, no] = no As [in^2] = 1.8 in sq

phi_PS = 1.00 n, layers [ea] = 4

phi_non-ps = 0.90 Shear Bars # 3 tf [in] = 0.04 in

f = 0.9 A_v [in^2] = 0.11 Total thickness 0.16 in

d_v [in] = 0.375 Shear Confinement wf [in] = 24.00 in

clr [in] = 1.5 in assumed

f = 0.9, if es  0.005

f = interp if 0.002   es < 0.005

f = 0.65, if otherwise

Assumptions:

Plain section remains plane

Max compressive strain in concrete is 0.003

Stress in steel under service load should be limited to 

80% of yield strength

FRP Analysis:

Forces:

F_Conc = 0.85*fc*a*b F_steel = As*fy = F frp = A frp * f fe = 359 kip

431 kip 72 kip  f fe  =  e fe * E f = 94 ksi

 A f = n * tf * wf  = 3.84 in sq

                     RFP within allowable stress

Strains: e_c / c = = e_s / (d - c) = = = e_fe / (h - c)

(similar triangles)

   Concrete ec = 0.003 Steel es = 0.0072 RFP efe = 0.0079

Yeild ey = 0.0021                     RFP within allowable stain

                    steel yields

Neutral Axis:

c [in] = 9.95 in calculated distance between N.A. to extreme conc fiber

F_Conc = F_steel + F_frp

0 =  - F_Conc  + F_steel + F_frp

0 kip

beta = 0.85 (AASHTO 5.7.2.2) function of f'c

a [in] = 8.5 in vertical distance of whitney stress block

Moment Arm:

 Conc Arm = (c - a / 2)  Steel Arm = (d - c)  Fiber Arm = (h - c)

5.72 in 23.74 in 26.05 in

Nominal Moment:

 Conc Contr = 2,466 kip-in  Steel Contr = 1,709 kip-in  Fiber Contr = 9,357 kip-in

  Nominal Moment =

13,532 kip-in

1,128 kip-ft

Factored Moment Strength:

f Mn [k-in] = 12,179 kip-in > Demand = 7,400 ok D/C= 0.61

f Mn [k-ft] = 1,015 kip-ft > Demand = 617 kip-ft ok

Analysis Existing (without FRP) - Strong Axis:

F_Conc = 0.85*fc*a*b F_steel = As*fy =

72 kip 72 kip

a [in] = 1.41 in

beta = 0.85 (AASHTO 5.7.2.2)

c [in] = 1.66 in  = a/beta

Check Steel Yield

e_s = 0.0578 > e_y = 0.0021

steel yields

Arm [in] = 32.98 in

f Mn [k-in] = 2,137 kip-in < Demand = 7,400 NG D/C= 3.46

f Mn [k-ft] = 178 kip-ft < Demand = 617 kip-ft NG

FRP composite material thickness per layer

width of FRP reinfocing layers

Fiber Reinforcement Polymer 

Portal

Strong axis (Retrofitted)

Rumsey

number of layers of FRP reinforcement

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

Concrete Section input: Steel Reinforcement input: Manufacture FRP input:

Design limits:

Overall, h [in] = 24.00 in 2.00 ft Fy [ksi] = 40 ksi Ult Tensile Strength 121 ksi

            d [in] = 21.69 in 1.81 ft in Primary Direction = 121,000 psi

Overall, b [in] = 36.00 in 3.00 ft Main Bars # 7 conservative of 1 1/8" SQ bar 4.8 kip/in

Concr f'c [ksi] = 2.5 ksi Tot = 2 conservative base on per as-built. Elongation at Break = 0.85%

Concrete    ec = 0.003 conc strain limit A_s [in^2] = 0.6 Photos shows 7 bars Tensile Modulus = 1.19E+07 psi

d_s [in] = 0.875 Main Reinforcement 1.19E+04 ksi

PS [yes, no] = no As [in^2] = 1.2 in sq

phi_PS = 1.00 n, layers [ea] = 4

phi_non-ps = 0.90 Shear Bars # 3 tf [in] = 0.04 in

f = 0.9 A_v [in^2] = 0.11 Total thickness 0.16 in

d_v [in] = 0.375 Shear Confinement wf [in] = 36.00 in

clr [in] = 1.5 in assumed

f = 0.9, if es  0.005

f = interp if 0.002   es < 0.005

f = 0.65, if otherwise

Assumptions:

Plain section remains plane

Max compressive strain in concrete is 0.003

Stress in steel under service load should be limited to 

80% of yield strength

FRP Analysis:

Forces:

F_Conc = 0.85*fc*a*b F_steel = As*fy = F frp = A frp * f fe = 445 kip

493 kip 24 kip  f fe  =  e fe * E f = 77 ksi

 A f = n * tf * wf  = 5.76 in sq

                     RFP within allowable stress

Strains: e_c / c = = e_s / (d - c) = = = e_fe / (h - c)

(similar triangles)

   Concrete ec = 0.003 Steel es = 0.0056 RFP efe = 0.0065

Yeild ey = 0.0021                     RFP within allowable stain

                    steel yields

Neutral Axis:

c [in] = 7.58 in calculated distance between N.A. to extreme conc fiber

F_Conc = F_steel + F_frp

0 =  - F_Conc  + F_steel + F_frp

0 kip

beta = 0.85 (AASHTO 5.7.2.2) function of f'c

a [in] = 6.4 in vertical distance of whitney stress block

Moment Arm:

 Conc Arm = (c - a / 2)  Steel Arm = (d - c)  Fiber Arm = (h - c)

5.72 in 23.74 in 14.05 in

Nominal Moment:

 Conc Contr = 2,820 kip-in  Steel Contr = 570 kip-in  Fiber Contr = 6,256 kip-in

  Nominal Moment =

9,646 kip-in

804 kip-ft

Factored Moment Strength:

f Mn [k-in] = 8,681 kip-in > Demand = 7,000 ok D/C= 0.81

f Mn [k-ft] = 723 kip-ft > Demand = 583 kip-ft ok

Analysis Existing (without FRP) - Weak Axis:

F_Conc = 0.85*fc*a*b F_steel = As*fy =

48 kip 48 kip

a [in] = 0.63 in

beta = 0.85 (AASHTO 5.7.2.2)

c [in] = 0.74 in  = a/beta

Check Steel Yield

e_s = 0.1339 > e_y = 0.0021

steel yields

Arm [in] = 33.37 in

f Mn [k-in] = 1,442 kip-in < Demand = 7,000 NG D/C= 4.86

f Mn [k-ft] = 120 kip-ft < Demand = 583 kip-ft NG

FRP composite material thickness per layer

width of FRP reinfocing layers

Rumsey Fiber Reinforcement Polymer 

Portal

Weak axis (Retrofitted)

number of layers of FRP reinforcement

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 

SHEET 



Project: Description

Job No.

BY JC DATE 5/12/2014

LRFD 5.8.3.3

Vn = minium of the following 2 equations Ecco Results:

Vn = Vc + Vs + Vp Vn = 14 kip < Demand = 62 kip NG
Vn = 0.25f'c bv dv + Vp 4.43

b = 18 in Fy [ksi] = 40 ksi

d = 15 in

Ac = 270 in2 Shear Bars # 3

f'c [ksi] = 2,500 psi 2.5 ksi Spacing 12.00 in spacing of stirrup

A_v_bar = 0.11 in2

bv = 18 in eff web width d_v_bar = 0.38 in

dv = 12 in eff shear depth mult by 2 number of bars per plane

Av 0.02 in area of shear reinfocement w/in dist s

5.8.2.5 Minimum Transverse Reinforcement

Av > 0.0316 sqrt (f'c ) bv s / fy

Av = 0.02 in2 NG 0.27 in2 = 0.0316 sqrt (f'c ) bv s / fy

Analysis:

5.8.3.4.2 General Procedure

es = (Mu/dv + 0.5 Nu + |Vu-Vp| - Apsfpo ) / (Es As + Ep Aps)

Mu = 7516 k-ft Moment demand

Nu = 14 k Axial demand

Vu = 62 k Shear demand

Vp = 0 k component in direction of applied shear of the effective prestressing force

positive if resisting the applied shear

Aps = 0.00 in2 Area of PS 

fpo =  175 ksi 0.7 fpu Flexural steel info:

Es =  29000 ksi Fy [ksi] = 40 ksi

Ep =  29000 ksi Flex Bars # 10

As = 8.89 in2 flexural steel A_s_bar = 1.27 in2

d_s_bar = 1.27 in

es = 0.0027 mult by 7

Sxe = sx * 1.38 / (ag + 0.63)

sx = min of following 12 in

dv = 12 in

d__ = 36 in dist between layers of long crack control reinf

ag = 0.25 in max agg size  assumed per photos

Sxe = 18.8

theta = 29 + 3500 es

theta = 38 degrees angle of inclination of diagonal comp. stress

If Min Transverse Reinforcement is met

beta = 4.8 / (1+ 750 es)  

beta = 1.59 factor indicating ability of diagonal cracked concrete to transmit tension & shear

If Min Transverse Reinforcement is NOT met

beta = 4.8 / (1+ 750 es)   x   51 / (39 + Sxe)

beta = 1.43 factor indicating ability of diagonal cracked concrete to transmit tension & shear

Select:  beta = 1.4 degrees factor indicating ability of diagonal cracked concrete to transmit tension & shear

theta = 38 degrees angle of inclination of diagonal comp. stress

Select:  alpha = 90 degrees angle of inclination of transverse reinforcemen

Vn = Vc + Vs + Vp

Vc = 0.0316*beta*sqrt(f'c) bv dv

Vc = 15 kip

Vs = Av fy sin(alpha) < 0.095 sqrt(f'c) bv dv

Vs = 0.66 kip < 32 kip

Vn = 16 kip Gov

Vn = 0.25f'c bv dv + Vp

Vn = 135 kip

f = 0.90 Seimsic phi for shear

Select:  f V [kip] = 14 kip < Demand = 62 kip NG

4.43

Rumsey Portal

Y01-500 Shear yy (LRDF 5.8.3.3)

QUINCY ENGINEERING, INC. 

SHEET 
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Project: Description

Job No.

BY JC DATE 5/12/2014

LRFD 5.8.3.3

Vn = minium of the following 2 equations Ecco Results:

Vn = Vc + Vs + Vp f V [kip] = 11 kip < Demand = 36 kip NG
Vn = 0.25f'c bv dv + Vp 3.27

b = 15 in Fy [ksi] = 40 ksi

d = 18 in

Ac = 270 in2 Shear Bars # 4

f'c [ksi] = 2,500 psi 2.5 ksi Spacing 18.00 in spacing of stirrup

A_v_bar = 0.20 in2

bv = 15 in eff web width d_v_bar = 0.50 in

dv = 15 in eff shear depth mult by 2 number of bars per plane

Av 0.02 in area of shear reinfocement w/in dist s

5.8.2.5 Minimum Transverse Reinforcement

Av > 0.0316 sqrt (f'c ) bv s / fy

Av = 0.02 in2 NG 0.34 in2 = 0.0316 sqrt (f'c ) bv s / fy

Analysis:

5.8.3.4.2 General Procedure

es = (Mu/dv + 0.5 Nu + |Vu-Vp| - Apsfpo ) / (Es As + Ep Aps)

Mu = 7516 k-ft Moment demand

Nu = 14 k Axial demand

Vu = 62 k Shear demand

Vp = 0 k component in direction of applied shear of the effective prestressing force

positive if resisting the applied shear

Aps = 0.00 in2 Area of PS 

fpo =  175 ksi 0.7 fpu Flexural steel info:

Es =  29000 ksi Fy [ksi] = 40 ksi

Ep =  29000 ksi Flex Bars # 10

As = 5.08 in2 flexural steel A_s_bar = 1.27 in2

d_s_bar = 1.27 in

es = 0.0039 mult by 4 approx effective

Sxe = sx * 1.38 / (ag + 0.63)

sx = min of following 15 in

dv = 15 in

d__ = 36 in dist between layers of long crack control reinf

ag = 0.25 in max agg size  assumed per photos

Sxe = 23.5

theta = 29 + 3500 es

theta = 43 degrees angle of inclination of diagonal comp. stress

If Min Transverse Reinforcement is met

beta = 4.8 / (1+ 750 es)  

beta = 1.23 factor indicating ability of diagonal cracked concrete to transmit tension & shear

If Min Transverse Reinforcement is NOT met

beta = 4.8 / (1+ 750 es)   x   51 / (39 + Sxe)

beta = 1.02 factor indicating ability of diagonal cracked concrete to transmit tension & shear

Select:  beta = 1.0 degrees factor indicating ability of diagonal cracked concrete to transmit tension & shear

theta = 43 degrees angle of inclination of diagonal comp. stress

Select:  alpha = 90 degrees angle of inclination of transverse reinforcemen

Vn = Vc + Vs + Vp

Vc = 0.0316*beta*sqrt(f'c) bv dv

Vc = 12 kip

Vs = Av fy sin(alpha) < 0.095 sqrt(f'c) bv dv

Vs = 0.79 kip < 34 kip

Vn = 12 kip Gov

Vn = 0.25f'c bv dv + Vp

Vn = 141 kip

f = 0.90 Seimsic phi for shear

Select:  f V [kip] = 11 kip < Demand = 36 kip NG

3.27

Rumsey Portal

Y01-500 Shear xx (LRDF 5.8.3.3)

QUINCY ENGINEERING, INC. 

SHEET 

QUINCY ENGINEERING, INC. 
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Project: Description
Job No.

BY JC DATE 8/28/2013

Pc 2,300 kip Column axial force

φ 0.90 Shear Strength reudction factor SDC 3.2.1

R col 84 in Column radius 

clr 3 in Clear cover 

bar_s # 5 Shear confinement reinforcement

s 9 in Shear confinement reinforcement spacing

ρs 0.01

fyh 60 ksi Nominal yield stress of transerse column reinforcement

µd 1.00 Local displacement ductility demand, limit set by SDC 2.2.4 on page 2-9

f'c 3.6 ksi Assumed 1 to not yeild

bar_l # 11 Main longitudinal steel reinforcement

Ab 1.56 in2 Area of individual reinforcing steel bar

Ag 22,167 in2 Gross section area of column

Ae 17,734 in2 Ae = 0.8 * Ag (SDC Eqn 3.17)

D' 81 in

F1 = ρs*fyh / 0.150 + 3.67 -  µd (SDC Eqn 3.20) F2 = 1+ Pc / ( 2000*Ag ) (SDC Eqn 3.21)

F1 cal 8.39 , 0.3 ≤ F1 ≤ 3 F2 cal 1.05 , Fw ≤ 1.5
F1 3.00 F2 1.05

Inside Plastic Hinge Zone Inside Plastic Hinge Zone
vc = F1 * F2 * sqrt(f'c)  ≤  4*sqrt(f'c)(SDC Eqn 3.18) vc = 3 * F2 * sqrt(f'c)  ≤  4*sqrt(f'c) (SDC Eqn 3.19)

vc cal 5.99 vc cal 5.99
4*sqrt(f'c) 7.59 4*sqrt(f'c) 7.59
vc 5.99 vc 5.99

Vc = vc * Ae (SDC Eqn 3.16)

Vc 106 kip For Inside Plastic Hinge Zone

Av = n * (pi /2)*Ab

Av 2.45 in2

Vs = Av * fyh * D' / s (SDC Eqn 3.16) For confined circular columns
Vs 1,318 kip

Vn = Vc + Vs (SDC Eqn 3.15)

Vn 1,424 kip
φφφφVn 1,282 kip

φVn ≥ Vo (SDC Eqn 3.14)

Vocol 1,010 kip Obtained by (Mocol + Mocol) / Lcol

Assumed L = 10', conservative
D/C 0.79 ok

Ratio of volume of spiral or hoop reinforcement to the core column confined by the spiral or hoop reinforcement 
(measured out-to-out) 

Cross sectional dimension of confined concrete core measured between the centerline of the peripheral hoop or spiral

Rumsey Column Shear
Seismic Shear Capacity (SDC 3.6)

QUINCY ENGINEERING, INC.

SHEET

QUINCY ENGINEERING, INC.

SHEET



Questions concerning the VERTCON process may be mailed to  NGS

Latitude:      38.89022308

Longitude: 122.2384572

NGVD 29 height:

Datum shift(NAVD 88 minus NGVD 29):    0.831 meter

http://www.ngs.noaa.gov/cgi-bin/VERTCON/vert_con2.prl

1 of 1 11/6/2013 2:01 PM



Patch Spalled or Delaminated Concrete:  

Details below indicate the work required to repair spalled surface area.  Photos following indicate several locations 

of concrete surface repair are required.  
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