GS

FORMULAS( with theory and variables)

1.To memorize and principles based on “VERBAL FORMULAS”
 WHAT HAPPENS WHEN THE FACTOR IS DOUBLED?” 2 TIMES TO 4 TIMES/ ½ TO ¼ 

“ FOOT TO INCHES”

“ kips/ft  to pound/inch”

“ what happens when the deflection is this instead of that….?”

 - moment

          ; A measure of a force inducing rotation about a given point of axis.

- stress

- strain

- moment of inertia, I, ( Know exact definition, long word Q.)
          ;An area/ structural members cross sectional/ a measure of bending 

            Stiffness/ its resistance to deformation

                 Moment of inertia=  bd 3
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- section modulus, S ( Know exact definition, long word Q.)
          ; A geometric property of a cross section defined as 

             the moment of inertia of the section divided by

             the distance from the neutral axis( c) to the most remote surface.

                                 S = I__
                                       C

- modulus of elasticity( E)( Know exact definition, long ward Q.)Hooke’s law

          Determines stiffness of a material, stress/ strain

                                 E = stress 

                                        Strain

                                    =     P / A_______
                                          deformation/ L

- deformation due to load

- deformation due to temperature

- radius gyration

- slenderness ratio

- deflection

- thermal expansion

- shear expansion

- 

2. theory behind formula

3. what letter means

4. variables ; ( if you double “X” , what is “Y”)

5. aware of units / terms

6. area of circle

7. S = M/F (3)

DEFINITIONS

Q. modulus of elasticity( E) psi, Hooke’s law

          Determines stiffness of a material, stress/ strain

Q. Point of Inflection;  point on moment diagram where  M =0

Q. Vectors & resultant

         A. direction and magnitude/ vector sum

Q . Shear and bending moment

Q. Relationship bet. Load, support, and components of reactions.

Q. Structural configurations producing horizontal reactions.

Q. over hanging/ simple/ continuous beam

Q. trusses/ types

Q. principles of deflection

Q. moment

Q. Stress

Q. Strain

Q. Inertia

Q. bending

Q. understand equilibrium and how to sum forces about a point

CALCULATION   20 –25 

Properties

1. Would the section modulus of one beam be ½ or twice as large as that

    for another beam given different beam materials. 

    Calculate resultants for given loads.

2. Calc. One moment to find section modulus to size a steel beam.

Uniform load beams/ concentrated

1. Finding “reactions” - basic

       - bending moment

       - Shear

2. Solve moment/reactions

3. Moment diagram / simple beams

4. Find reaction of a beam

Q. Calculate reactions at the base ; simple beam

5. Moment/ shear diagram,( mostly on uniform load /concentrated load)

       - Max. moment/ Max. shear

Q. Know how to interpret a shear diagram & be able to correctly identify

       -corresponding diagram

Q. SF – BM diagram  - Load diagram given

      - Recognize SF & BM from the choices.

Q. Know how to look at BM diagram and SF, and then pick the

          load diagram they depict.

Q. Bending & moment diagrams for different types of loading.

6. Calculate reactions; overhang / simple beam (2)

7. Reactions for uniform beam

8. Change in length in formulas

Q. Continuous beam ; positive/ negative moments

     Negative moment over interior supports

Q. Compression, top/ tension , bottom

9. Which W –section cost the least?

Q.  Cost/ span chart

Cantilever

1. calc. Reactions

2. moments in cantilevers

Truss

1.  How to size long span truss?

2. Find reactions for truss( vector sum/ resultant)

Joist

Q ; how much area a joist carries? 

      A ; Half the distance between the members on each side.

Q. How to size long span joist? ( w/ chart )

Q. How to read a joist table & what the various numbers & letters mean?

      In joist designation?

Flexural formula( moment of inertia)
1. Its components; their relationship to each other; how to solve each.

2. Calculate required flexural reinforcement in a concrete beam

Maxwell diagram

Q ; Know what structure type it refers to?

Resultant

Q; What direction/ looks like “cosine” angle?

Q ; Dome cable/ roman

Q. Free body diagram

Q.; Free body diagram; magnitude & the direction of the resultant

VECTOR SUMS

the Maxwell formula
understand vector sums
understanding what a resultant would look like (direction and magnitude) and being able to pick it from a lineup of 4 different ones is helpful.

One coefficient of friction question.

There were 2 vector force problems but on one, you just had to determine the direction of the forces, not actually calculate the loads.
Deflection /elongation; (span deflection ratio)

 Q ;know deflection formula; ( single span beam)

            Elastic modulus (E)  NOT SURE ABOUT THIS FORMULA IS CORREC

             Moment of Inertia

               Moment of inertia=  bd 3
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OR RATHER;

5 W L 3

384 E I 

REVIEW AGAIN

Q; How E changes deflection? E INCREASE ; DEFLECTION DECREASE

Q.  Role that beam depth play. DEPTH INCREASE; DEFELCTION DECREASE ?      

Q ; A beam is 8” deep and deflects 1/8”, and what would be if

      deflection if beam is 12” deep? A;  0.42, NOT SURE

Thermal expansion formula

Pool/retaining wall

Pool

Q ;Pool w/ dimension , what is total maximum moment?

Q ; Pool; what is water pressure? 62.4 X h, (lb/cubic feet)

Q.; full pool given dimensions , what was the max. moment?

Q.; 1 swimming pool question...
The magnitude of this pressure is equal to the unit weight of the liquid multiplied by the depth. For water, the unit weight is 62.4 pounds per cubic foot. Example: at the bottom of a 10’ deep water storage tank. The pressure is equal to 62.4 x 10 = 624 psf, and it acts perpendicular to all surface which it contacts.
Retaining wall

Retaining wall; -find the total moment, w = 30 psf

Q ; Calc. Resisting moment in a retaining wall taking

                                  Moments a bout a point at the toe

Q ; How much weight of soil needed to counteract overturning

      Given a specific friction percentage?

      Same question;

      Q ; What is the weight of the soil to overcome the lateral load

            Against the retaining wall? 

            Given 1. lateral load

                       2. Coefficient of friction

                       3. weight of retaining wall?

Q ; water pressure

Q ; Basement wall ; water pressure; to lift slab 6”?

Radius of gyration (r

1. equation

2. slenderness ratio of column

3. cause buckling of column

Load

Q ; How much is code’s min. uniform load for office space? 50

Q ; snow loading diagram on the roof ( live load)

Q.  effective live load

Q . load of partition, not permanent, dead or live?

Q. Know factored live load for a floor where partitions are to be moved

       Frequently?

Q. Live load chart; sort in order

1.One problem regarding uneven slow load on a canopy alomost tripped me up when I went looking for the cantilever formula (which isn't there), but it's easier to solve the problem just by taking moments after converting to point loads.
Tributary areas

Q. Loads in tributary areas

2.Definately spend some time with a chart showing what systems will span what distances.

3.question on which method is not the method to calculate forces in a truss.

4.One weird question, where you're given 2 girder systems (one is a W-beam and another a truss, but you're only given the weight of the beam not the truss, and you are given the cost per ton for each, in order to figure out the difference in cost).

TRIBUTARY AREAS
There were a couple tributary area problems, one with U=1.4DL+1.7LL and one without.  Know how to figure out reactions & moments as well as loads on tributary areas
Several involving basic formulae. 2-3 of tributary load calculations. Be very careful with the conversion because I am sure I partly messed up because of them (and started to panick when I couldn't get the answers.

Wood

1. Extreme fiber stress calcs. On wood with no reference

Misc.

Q ; calc. Footing size or pad footing

Q. sizing caissons/ pier

Q ; # of nails

Q ; calc. Bolt size

Q ; Determining values for bridging components

Q. s doesn’t belong nowhere

1. ( 3 ) wood members or size column  or concrete calculation

2. ( 3 – 5) long span

3. center of gravity

Q.’S FROM POSTING

calc. Q.s

I've heard everyone say that the calculation quesitons on the exam aren't as hard as those seen in ALS but I have yet to see anyone give an example of these 'easy' calc questions.  Can anyone give an example without giving the actual question (for fear of prosecution of NCARB)?

1.for instance they will give you a picture of some basic system ( a rod at some angle) and ask what the vertical component is if the force in the rod is x, or 

2.a simple loading diagram for a beam and ask what the reaction is on one side. 

3.The most complex question I had was the loading on a column with all sorts of tributary pieces. Looks complex, but actually very simple - just break it down and add it up. 

4.Or maybe required area for a footing given allowable soil bearing.

5.Also, just know how to calculate reactions on beams given a variety of (vertical only) loads. 

6.But also look into a slightly increasing load per ft and how to factor for it on a beam. 

7.Again, know how to go from a given psi bearing and be able to figure area of a footing or a pile. 

8.I had the tributary loading problem too, looks hard at first, but think it through piece by piece. Example, for a 20' clear roof span (or floor) the tributary length is 10' that each rafter takes. Under most code circumstances, roof loads espec. LL is not adjusted for roof angles -simply taken as the horizontal just like a floor.

9. I had 3 questions where I had to figure out the reactions from a simply supported beam,

10. 2 questions about reactions on a truss, but for both of them almost no calculations had to be done. 

11.
And there was like 2 calculations problems that I just could not solve at all.  It was basically a tributary load problem where I had to figure the load on a column.  They gave  me a plan and a section...but it was somewhat incomplete and difficult to decipher what was going on. And it was a very wierd condition next to a bearing wall and there was snow drift on a specific area..

12.Several involving basic formulae. 2-3 of tributary load calculations. Be very careful with the conversion because I am sure I partly messed up because of them (and started to panick when I couldn't get the answers.

13. As a quick point, snow drift is an additional load, added to, but separate from roof LL & DL. The question then told you how to account for it in the problem. The problem tested if you know how to add up a few typical loads by multiplying them by their tributary lengths/areas and finally tracing that total weight to a simply supported beam with a column at each bearing.
Calc.
Do not try and be a hot-shot by quick overzealous recognition of a problem, cause you'll likely miss an important # or some conversion step that needs to be done first. Key tip: use the given answers as numbers to plug back into a formula and just go through each choice A B C D until you get something to jive, this will usually be quicker than slugging through the reference material trying to find a steel beam (hint) or something.
Calcs seems straighforward and not terribly plentiful.  Lots of questions phrased like: Given X condition then this Y system will or will not work. 

CD’s MUST READ

· understanding what a resultant would look like (direction and magnitude) and being able to pick it from a lineup of 4 different ones is helpful.
· regarding structural cost percentage in different building types
· There were no rebar calculations, but there was one question about how the cost of rebar is estimated. 
· I had one problem where they gave me the dead load (not incl. joist weight), live load, joist spacing and span and I had to select an open web joist.  They provided a table with allowable deflections and joist weights, but it had no units and I could barely decipher it.
· one thermal expansion question.  
· One coefficient of friction question.
· There were a couple calculation problems dealing with Modulus of Elasticity.  You should know how a change in E effects deflection.
· the Maxwell formula
· understand vector sums

· review tilt-up construction and masonry

· radius of gyration, it is important to recognize that it is strictly a property of the geometry of the section (r = (SQRT (I÷A))) and is critical in the assessment of the slenderness of steel columns. The lesser the radius of gyration, the more likely a steel column is to buckle the other factors that affect the slenderness of a steel column are its un-braced length and how strongly its ends are connected.” 
· In the grade of steel- which property remains the same ANS COE or MOE (verify)
· Know the plywood stamp: 32/16 the 16 is referring to the floor joist span. 
Transition girder. Evaluating what to be concerned with? What stresses?
Formulas:
· There were a few stress F=P/A questions and those were very straight forward.
· There were 2 vector force problems but on one, you just had to determine the direction of the forces, not actually calculate the loads.
· One calculation question involved overturning

· a calculation of a full pool given the dimensions what was the total maximum moment.

· negative moment over interior supports. 
· 2 question that required me to use the flexure Fb=M/S formula

· There were a couple tributary area problems, one with U=1.4DL+1.7LL and one without.  Know how to figure out reactions & moments as well as loads on tributary areas.
Know how to read a joist table and what the various numbers & letters in a joist designation mean.

CD’s posting on formulas

I've heard that you can no longer use the time during the exam tutorial to go over the Reference pages they give you.  But you will not need to remember any of the formulae for Max. Moment, Shear and Deflection that are in the steel manual, because they are on the reference section you can access during the exam.  However, I would recommend that you be familiar with them before going in.    I marked all the math questions and did them at the end.

Here is some advice from David Thaddeus that I found very helpful:

“As far as memorizing the formulas, it is by far more important to know what is involved in a formula, rather than memorize it without fully comprehending how and when it applies. I am trying to emphasize that there is a fair amount of "qualitative" questions about the formulas themselves.

As for the radius of gyration, it is important to recognize that it is strictly a property of the geometry of the section (r = (SQRT (I÷A))) and is critical in the assessment of the slenderness of steel columns. The lesser the radius of gyration, the more likely a steel column is to buckle (the other factors that affect the slenderness of a steel column are its un-braced length and how strongly its ends are connected.”


Make sure you know the concepts behind the formula, which will in turn help you to remember the formula itself better.  For example in the deflection formula the span of a beam (L) is to the 3rd power (cubed) where the load (W) is to the 1st power; therefore increasing the span of a beam will impact its deflection much more than if you increase the load.  Similarly values in the denominator they will impact the result differently than values is in the numerator.

As far as which formulae to remember, I found that I only needed to remember 3 or 4 and knowing a bit of algebra you can solve for any variable: 


# Modulus of Elasticity formula: 

E = Stress (F) ÷ Strain or  E = (P ÷ A)  ÷ (Deformation ÷ L) 

and all the variations of that formula

i.e.: Deformation = (P ×L) ÷ (A × E)

 
# Section Modulus formula:

S = M ÷ Fb and know how to solve for each variable 

ie: M = Fb × S  &  Fb = M ÷ S

Also know that S = I ÷ c and therefore Fb = Mc ÷ I 

They will give you (S = b × d3 ÷ 6)


# Formula for Shear

Fv = const. × V ÷ A and same as above know how to solve for each variable 


# Coefficient of thermal expansion (n) is the ratio of unit strain to temperature change and is constant for a given material.

n =      D / L           D = n L t
                t


 D   =  PL  ÷   AE              P ÷ A =  DE  ÷  L
                                       
# They will give you most of the geometry formulae for the area, moment of Inertia (I) and Section Modulus (S) for rectangular shapes and other basic shapes, but not the area of a circle -  so remember the formula for the area of a circle and it’s circumference.

# Although they will give the Deflection formulae, know that 

Delta L = (Const. × Load × Span3) ÷ (E × I) 


# Know how to solve for angles and legs of a triangle, all I needed on my test was the basic:

a2 + b2 = c2

Sin = opposite ÷ hypotenuse, Cosine = adjacent ÷ hypotenuse and Tangent = rise ÷ run 


# Know how to figure the loads on tributary areas.


# Know how to figure out reactions.


# For the 2 moving load problem, the formula is in the steel manual, but all you need to know is how to figure the reactions at the worst case scenario, for shear it would be with the loads closest to the supports and for bending it would be with the loads at the center, then treat them as regular point loads.

Math problems are really only about 15% to 20% of the test, the rest of it will be questions on general knowledge of how structures work, what is the best system for a given situation, and some on cost in general.  Look at the reference list NCARB suggests for this
· Understand the formulae (ie.: Modulus of Elasticity, Section Modulus, Shear, Coefficient of thermal expansion (n) , Deflection, etc) and the definitions of each variable. 
· in the deflection formula the span of a beam (L) is to the 3rd power (cubed) where the load (W) is to the 1st power; therefore increasing the span of a beam will impact its deflection much more than if you increase the load.  Similarly values in the denominator they will impact the result differently than values is in the numerator.
Moment (M) = Fxd

Bending Moment (Mb) Mb + Mr = 0

Resultant of F1 the F2

1.  what about flexure formula, f=Mc/I and all the related formulas of section modulus?

I had two questions with section modulus

2. what about horizontal shear 3V/2bd? any ?'s on that?

I didn't have any horizontal shear

· basic uniform loads, a moments with spans, yet not a single deflection problem.
· The 8-10 basic problems (figuring reactions, moments, thermal expansion, etc.) just remember the units (kips vs. pounds, foot vs. inch etc)
· concrete design calculations but you did have to know the general principals and rebar placement. Aside from it goes on the tension side.
· Know how to figure the loads on tributary areas..
· For the 2 moving load problem, the formula is in the steel manual, but all you need to know is how to figure the reactions at the worst case scenario, for shear it would be with the loads closest to the supports and for bending it would be with the loads at the center, then treat them as regular point loads.
· They will give you most of the geometry formulaes for the area, moment of Inertia (I) and Section Modulus (S) for rectangular shapes and other basic shapes, but not the area of a circle - remember the formula for the area of a circle and it’s circumference.
· Understand how different materials react to different loading conditions (steel, wood, concrete)
· Weight of Structural materials:

· 10 psf in wood frame construction

· 35-75 psf in steel frame (steel decks w/ concrete fill)

· 10-30 psf in steel frame (roof deck only)

· 80-200 psf in cast –in-place concrete construction

· Roofs: 10 psf ballasted, 4 psf EPDM + insulation

· Ceiling and mechanical: 10-20 psf

· Partition: 10-20 psf

· Curtain walls/ aluminum + glass: 1-=20 psf

· Precast concrete facades: 40 psf and up

· Brick veneer on steel studs: 45 psf

· Brick veneer on block backup: 8- psf
· I had a few questions related to every material type, steel, concrete, wood and masonry...
· a few questions about composite materials/connections. 
· A couple about steel joists.
