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ABSTRACT 

 The United States military is constantly evolving into an organization equipped by the 

latest technology and seeking the greatest protection per cost ratio for its members in harm’s 

way. While new protection methods are steadily produced by the Engineering Research and 

Development Command, most protective structure options fall into either very expensive or very 

labor-intensive structures with widely varying degrees of reusability and transportability. 

Furthermore, there is currently no widely accepted quantitative approach to help the decision-

making process when choosing which system to use in a specific condition. This study will seek 

to create a framework which can be used to aid the decision-making process based on 

quantitative calculation of cost benefit of various protective systems. The framework will 

encompass resource metrics of man-hours, machine hours, and monetary cost. The calculations 

and assessments will also be affected by quantitative evaluations of military situations which can 

increase or decrease each value of resource metric. This study will also investigate the potential 

of using a mass timber product, namely Cross Laminated Timber (CLT) panels, as a protective 

structure that may be useful in certain military situations. While not designed to replace other 

systems, it is another option for military commanders and staffs to consider when choosing the 

most efficient and economical protection method for their soldiers. 
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CHAPTER 1: INTRODUCTION 

During the course of a moderate Army career, it has been found through experience that 

significant changes to doctrine and associated tactics in defensive operations has caused the 

concept of protection to revolve around a base mentality (forward operating base, combat 

outpost, patrol base, etc.). Since the prevalence of counterinsurgency warfare and the concept of 

no front lines, the military in general and the Army specifically has become used to the idea that 

bases are relatively permanent structures or developments. These are then used as a base of 

operations for only specific zones, or operational environments, in which a unit will conduct 

their assigned missions. 

To counteract complacency and to prepare the Army for future conflicts with any 

adversary, doctrine has been modified from almost purely counterinsurgency tactics, techniques, 

and procedures (TTPs) to encompass the concept of Unified Land Operations (ULO), a mentality 

that in any of various situations, the Army will be called upon to establish a foothold, gain 

territory, and quickly defeat the enemy in any terrain and at any time, and to hold the terrain 

from the enemy while the host nation can rebuild and defend themselves from additional threats. 

Paramount to this is the security of the forces supporting the main effort, also known as the 

“front lines,” which are usually established in a rear area within a distance of the main effort 

constrained by logistics. Because of the two different roles inherent in a given conflict, ULO was 

divided into two Army Core Competencies: combined arms maneuver (CAM) and wide area 

security (WAS). 

According to modern doctrine established in ADRP 3-0, Unified Land Operations, 

“Combined arms maneuver is the application of the elements of combat power in unified action 

to defeat enemy ground forces; to seize, occupy, and defend land areas; and to achieve physical, 
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temporal, and psychological advantages over the enemy to seize and exploit the initiative.” 

(ADRP 3-0, p.2-8) In simpler, colloquial terms, Combined Arms Maneuver is a mission set 

which encompasses what many call “conventional” warfare tenets: offensive, large unit-on-unit, 

uniformed enemies, with large risks and large gains. It can be visualized as a “tank-on-tank” 

battlefield, similar to Patton’s campaigns in Europe during World War II or the more modern 

Gulf War of the early 1990s. TTPs for this mission set are thought of by younger generations of 

soldiers to be archaic; that is to say, that these tactics are obsolete and are not relevant to modern 

day conflicts in which the United States Army has been in involved for over 17 years. However, 

the TTPs used through broader offensive and defensive operations are tested thoroughly through 

historical examples and are analyzed by leaders at all levels in order to further the development 

of their profession of arms. 

ADRP 3-0 further states, “Wide area security is the application of the elements of combat 

power in unified action to protect populations, forces, infrastructure, and activities; to deny the 

enemy positions of advantage; and to consolidate gains in order to retain the initiative.” (ADRP 

3-0, p.2-9 & 2-10) This is typically thought of as rear area operations or counterinsurgency in 

areas where the uniformed enemy has already been defeated, and security must be provided in 

the power vacuum left from conventional battle. In this mission set, units must operate logistics 

and regular patrols with less risk of catastrophic loss than in Combined Arms Maneuver but 

greater risk of daily engagement by an enemy force with inferior equipment, insufficient 

numbers, and more covert tactics. Often insurgencies rising within this power vacuum will be 

similar in many ways to the Taliban, Al-Qaeda, and ISIS. Tactics often involve indirect 

engagement of US Forces by a non-uniformed enemy which has the ability to blend in with the 

local population. In this regard, the Wide Area Security is closely related to stability operations 
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rather than offensive and defensive operations. Modern examples of these situations are 

numerous, from operations in Africa and Central America in the late 1980s and 1990s to the rise 

of the improvised explosive device and insurgency tactics in Iraq and Afghanistan in the 2000s. 

As a note of seeming contradiction, ADRP 3-0 also asserts the following: 

“Although distinct by definition, combined arms maneuver and wide area security are 

inseparable and simultaneous. Combined arms maneuver and wide area security 

provide the Army a focus for decisive action as well as a construct for understanding 

how Army forces use combined arms to achieve success in this contest of wills.” 

(ADRP 3-0, p.2-8) 

This is important to this study because of the need for consistency in both mission sets, as well as 

the ability to perform either or both mission sets simultaneously. In an era of fiscal uncertainty, 

the Army must move from its most recent tendency to make large purchases for very specific 

capabilities in favor of more economical and universally interchangeable systems for its 

warfighters.  

For example, before 2008, the Army had many different uniforms for different likely 

terrain its soldiers would occupy; woodland camouflage for green/brown environments, desert 

camouflage for sandy, brown and tan environments, and arctic camouflage for those areas where 

a different uniform would silhouette a soldier against a snowy background. In 2008, the Army 

introduced its Universal Camouflage Pattern (UCP), a digital pattern of greys, blues, and greens 

designed to work better in all environments than any previous uniform. The result of this was a 

uniform that performed poorly at breaking up the soldier’s silhouette in each environment. In 

2015 the uniform was changed to the Operational Camouflage Pattern (OCP) to provide better 

camouflage for individual troops in either woodland environments or desert environments. While 



4 

 

the resulting costs associated with such changes are relatively minor in comparison to constant 

deployments and expenditures for veterans’ benefits, it is a small-scale example of how the 

adaptation of the Army precluded economical and universally interchangeable systems for the 

individual warfighter. 

 

 

Figure 1-1: HESCO Bastion properties with real-world use for ammunition storage 

 

Another example is the development of the HESCO Bastion protective system (Fig. 1-1). 

In a conflict where bases are established and operations are conducted from these bases for years 

at a time, security and safety of the soldiers not on mission became a growing issue for the 

Army. The Army needed a way of constructing bases quickly that would provide protection for 

all soldiers inside, an easily constructed ballistic wall that serves as direct fire and indirect fire 

protection. The HESCO Bastion company successfully fielded its protective baskets to the 

military as a solution to this need. A series of wire cages lined with cloth, each basket is filled 

with soil to provide immediate, reliable ballistic protection to a given area. They can be 

intertwined in any combination and linear geometric configuration to provide a perimeter for 
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units to occupy safely. Bunkers and fighting positions with automatic weaponry are established 

at key positions along the perimeter to provide the security against being overrun by enemy 

forces, and entry control points can be designed to provide vehicle and pedestrian access through 

known and heavily fortified points along the perimeter. 

While an excellent and economical solution to the base construction problems posed by 

operations in Iraq and Afghanistan in the Global War on Terrorism, these baskets have a 

significant drawback: once filled with soil, despite being able to withstand blasts and impact 

loads from indirect and direct fires, they cannot be emptied and reused in another location. If a 

basket is damaged or needs to be repaired, often it must be completely removed and replaced 

with a new one. This becomes very cost ineffective if not occupying a specific perimeter for long 

periods of time. 

Applying this technology to modern doctrine creates a dissonance between practicality 

and tactics. How can a force be mobile if constrained by its protection methods? How can a force 

successfully transition from defensive to offensive operations to “seize and exploit the initiative” 

in armed conflict? In Combined Arms Maneuver, units often establish patrol bases with very 

high percentages of its force as security to rest and refit during highly kinetic operations, but at 

greater risk to its own personnel of engagement by a more alert enemy with less protection than a 

unit operating in a Wide Area Security role. This leads to the problem posed to this author by a 

fellow commanding officer in approximately June 2014: “Why do we always have to build our 

perimeters each time we move if we are only occupying them for a short period of time? Why 

are my Soldiers spending so much time creating and constantly improving their fighting 

positions along the perimeter if it will never last? Doesn’t the Army have a Bunker-in-a-box that 
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we can use to easily and quickly protect the soldiers on our front lines while they protect us 

inside the perimeter?” 

 

 

Figure 1-2: Use of temporary berms with soldier securing the perimeter (Crofoot 2015) 

 

In truth, this concept of a “Bunker-in-a-box” does not exist in the vast majority of the 

Army’s operational units. The closest concept currently used is a sandbag and picket system 

which relies heavily on manual labor of each individual soldier to provide their own protection. 

Typically, decisions about protective structures are made by commanders using intuitive 

processes gained through years of experience and suggestions from other, more senior members 

of the service. This empirical method can be effective in most scenarios for a good leader, but 

sometimes may not be the most efficient option, especially if two competing options are close to 

each other in terms of effectiveness. In this case, it is difficult for a leader to optimize his or her 

decisions if there is no way to compare the options quantitatively and objectively.  
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For example, when a small unit commander is given outside resources like engineer 

assets to protect his or her unit, they will attempt to use the outside asset in any way they can. In 

2015, during a major field exercise, a cavalry Squadron Commander (commander of about 800-

900 cavalry soldiers) was assigned engineer support (one squad of soldiers and two D7 dozers) 

for an operation called a guard, an operation which protects a large swath of land where mobility 

of troops was critical for the accomplishment of the mission. Initially, the Squadron Commander 

wanted to use the limited assets to dig in his main effort, the central element on the guard line. 

As the Engineer Task Force Commander advised him, this would effectively protect about half 

the desired element. The protection assets could best be used for the reserve force which was not 

mobile despite not being the main effort in a guard. Given the assets and the limited time until 

engagement (less than 24 hours), the Squadron Commander decided to protect what assets he 

could before the enemy approached the guard line and pulled back the engineer assets which 

would have been destroyed had they come in contact with the enemy. In this case, the experience 

of the Engineer Task Force Commander provided the necessary input into the Squadron 

Commander’s decision cycle to affect a good decision on how to use and protect the engineer 

assets and how to maximize protection for his own forces. 

This thesis will explore current technologies in place to protect those soldiers on the 

defensive perimeter through quantification and standardization of variables that commanders use 

to decide the mode of protection for their troops. The dilemma illustrated above provides the 

impetus of this study because of the ambiguity involved in current decisions made. This study 

will seek to uncover a viable design for this “Bunker-in-a-box” utilizing mass timber to address 

the need of transportability of protective elements in a highly mobile and kinetic expeditionary 

combat environment.  
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CHAPTER 2: BACKGROUND AND BRIEF HISTORY OF PROTECTIVE STRUCTURES 

Protection as a War-Fighting Function (WFF) is an integral part of modern combined 

arms operations. It is written into the United States Army doctrine as one of six fundamental 

warfighting functions: mission command, movement and maneuver, fires, intelligence, 

sustainment, and protection. All functions within the Army are divided into these functions, with 

many roles or duties of individual soldiers and units requiring multiple WFF to be used 

simultaneously. While all WFF are indeed interdependent, complex relationships are 

continuously discovered, studied, and documented in various peer-reviewed articles published in 

a variety of Army professional publications in addition to doctrine. In this case, the doctrinal 

background and brief history of the protection WFF will be studied and analyzed as a narrowly 

focused and objective analysis of this specific warfighting function as a foundation for the study 

proposed by this paper. 

Protection is defined in modern military doctrine as, “the preservation of the 

effectiveness and survivability of mission-related military and nonmilitary personnel, equipment, 

facilities, information, and infrastructure deployed or located within or outside the boundaries of 

a given operational area (Joint Publication [JP] 3-0).” A broad definition to be sure, this 

warfighting function seeks to maintain the military’s ability to preserve and protect its key assets 

necessary for it to accomplish the mission. As described in the previous chapter, this warfighting 

function is vital in both combined arms maneuver and wide area security, although the 

appearance, longevity, and cost associated with protection techniques between the two mission 

sets can be vastly different. 
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Figure 2-1: Historical flowchart of protection 

 

While a complete historical analysis of protection is dauntingly complex and 

counterproductive to this study, a brief background of historical protective examples should be 

examined in order to define the importance of this foundational aspect of warfighting. Figure 2-1 

demonstrates a brief, succinct description of historical periods as they pertain to protection, with 

examples during these conflicts or eras to illustrate the TTPs associated with weaponry advances 

and defensive strategy. 
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2.1: Bronze Age and Early Warfare 

From the beginning of warfare, to be sure, the objective for opposing armies was to 

impose their will on the other, usually in the form of killing as many of their soldiers as possible 

to break their will to fight. The goal was to lose less combat power than their opponent in order 

to defeat a threat. Such complex concepts as attrition and risk management and mitigation can be 

simplified into the following form: kill more enemy soldiers than you lose of your own. The 

combinations used by commanders and leaders in military conflict throughout history are 

endless; in fact, most military conflicts use new or different principles to achieve the most 

efficient methods of destroying the enemy while losing the fewest of their own troops.  

One highly effective and historically sound method is to protect their troops from the 

effects of the enemy’s weapons. In the ancient Japanese civilizations, warriors called samurai 

wore elaborate armor to help protect against an enemy’s sword or dagger strike. The ancient 

Greeks and Romans used shields in addition to their body armor in their heavy infantry fighting, 

or phalanx warfare. Castles and fortifications were used to protect entire cities and territories. 

These are a few of the older protective devices which were used to great effect in their respective 

time periods. 

According to Stephen Turnbull in The Samurai Swordsman: Master of War, the Japanese 

warrior caste called samurai were held in high regard for not only their power and political status 

but also by their fighting ability. The samurai were lords of their lands but served the emperor as 

the primary military force in the country. They studied their craft from a young age and are still 

highly regarded as some of the most masterful tacticians in the world. Their primary weapons 

were bladed weapons, swords and daggers, but also used bows and arrows as well as some horse-

mounted weaponry for cavalry purposes. As Turnbull states, “A suit of armor made entirely from 
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iron scales would have been prohibitively heavy, so a mixture of iron and leather scales was 

used, with iron predominating to protect the most vulnerable areas of the samurai’s body. This 

classic “samurai armor” was therefore of lamellar construction (armor made from small plates 

fastened together), the traditional defensive armor of Asia, rather than the plate and mail or 

European knights.” (Turnbull, 16-17). This statement reminds us that protection is highly 

customized to both the soldier and the situation the soldier will face. Turnbull goes on to say that 

this armor was adapted for use on mounted samurai, where their prowess with the bow and horse 

mounted weaponry coupled with superior protection would give them a distinct advantage on the 

battlefield. 

In the Bronze Age, we see that the ancient Greeks used bronze and iron to perfect their 

own body armor and weaponry. Fighting on varying terrain around Greece and the Aegean Sea, 

the Greeks developed a heavy shock infantry style of fighting that centered around a phalanx. 

This phalanx was a densely packed unit of soldiers whose mass and rhythm in battle often 

overwhelmed an enemy who was less synchronous in action and commitment. The Spartans, 

who were considered the premier land fighting force in ancient Greece, trained from a young age 

to ensure continuity and cohesion within the unit. Their protection stemmed from heavy bronze 

armor that covered nearly their entire bodies and limited speed and range of motion in favor for 

more power and decreasing the likelihood of death with the slice of a blade (Fig. 2-3). In 

addition, the phalanx employed enormous shields that protected up to two soldiers at a time. In 

this way, the individuals within the formation could fight while being protected from spear, 

sword, and projectile weapons employed by their enemy. 

 

 



12 

 

 

 

 

 

 

Figure 2-2: Samurai armor, as illustrated in historical texts from the 16th Century (Turnbull, 17) 
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Figure 2-3: Schematic of Hoplite armor from ancient Greece 

 

2.2: Medieval Combat 

With the fall of the Roman Empire in Europe, individual kingdoms sprouted in the power 

vacuum, with several erecting large, heavy structures made of stone and mortar to defend against 

siege weaponry. These castles were almost always built on the most strategic site, where an 

attacking enemy would be at a severe disadvantage and the soldiers fighting from within would 

be well protected by thick walls and large, open spaces for observation and early detection of 

threats. These castles (Fig. 2-4) became strongholds of military power and represented the 

political and military center of the kingdom. From here, rulers could project their combat power 

over longer distances and develop their strategic goals from farther away. 
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Figure 2-4: Marksburg Castle, Germany, built 12th Century A.D. (Crofoot 2016)  

 

2.3: American Revolution and Napoleonic Warfare 

As time progressed, the advent of gunpowder presented greater challenges to protecting 

soldiers on the battlefield. No longer concerned with only a spear thrust or sword slash, 

commanders and leaders had to contend with projectiles moving very quickly over larger 

distances. By the start of the American Revolutionary War, tactics had developed to a system 

where armies would form long, straight lines and attempt to fire volleys from muskets at 

opposing armies, where accurate and sustained fire would decimate the enemy’s fighting power. 

In this era of Napoleonic warfare, entrenchment became the most efficient and popular way of 

protecting soldiers directly.  
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A method of using soil to protect units and individual soldiers from fire that skims over 

the ground (enfilading fire), earthen entrenchments were for periods when armies would stop at 

the conclusion of a day in combat. Usually lasting overnight, these entrenchments used simple 

tools (shovels) to lower a soldier’s body below ground level while creating a small pile of soil in 

front of them (a berm) to offer more protection. To ward off cavalry charges, long spikes made 

of wood or iron would be emplaced in the piles of dirt. This would afford protection in the event 

the unit was attacked during the night. This method of protection incorporated a simple concept 

and still resonates in modern protection doctrine: that ingenuity and simple tools can be the best 

option for a commander’s protective plan.  

Gradually, as gunpowder weapons became more powerful, accurate, and more advanced, 

entrenchment of individual soldiers increased in importance, as evidenced in John J. Hennessy’s 

book Return to Bull Run: The Campaign and battle of Second Manassas. Set during the 

American Civil War Battle of Second Manassas, large scale units (thousands of soldiers on each 

side) engaged one another continually, with accurate, rifled fire and heavy artillery to cause 

maximum casualties at tactically advantageous points. While the book focuses more on the 

generalship of both Union and Confederate armies, it illustrates and reinforces the effects of 

protective entrenchment during transport to the battlefield and also while the soldiers are holding 

the front lines against their enemies. Redoubts, bases, and forts provided supply depots which 

were fortified to protect against attack and provided a stronghold for operations to originate if 

necessary (Fig. 2-5).  
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Figure 2-5: Entrenchments at the Battle of Vicksburg, 1863. 
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The progression of this style of warfare as described by many historical textbooks 

culminated in the development of the Maginot line in World War I, in about 1914. This became a 

defensive line where the French and Belgian armies believed mutually supporting positions 

could overwhelm and destroy an invading enemy force. Artillery had advanced much more than 

previously into what is known as an indirect fire weapon. This means that larger, explosive 

projectiles could be hurled over larger distances by utilizing a parabolic trajectory and inflicting 

damage on the top side of a structure rather than on its walls. This ability to destroy from an 

aerial attack from distances and locations not in the line of sight provided a spark to overrun the 

Maginot line, and led the German forces to extend lines farther inland. Other technological 

advances in weaponry which had not been employed on as large a scale included the machine 

gun, a fully automatic weapon cooled by either water or gas which fired hundreds of rounds per 

minute instead of the semi-automatic bolt action weapons which didn’t fire more than about 60 

rounds per minute, depending on the training of individual soldiers. 

 

2.4: The World Wars 

The advent of new weaponry which was more efficient at killing enemy soldiers drove 

the First World War underground, into long trenches which allowed excellent communications 

along the line and amassed large populations of soldiers (millions along the line) but held a 

severe disadvantage for any elements attempting to assault the enemy’s line. Combined warfare 

with artillery, machine gun, and infantry assault dwindled into a stalemate along the lines after 

several large scale, bloody battles such as the Battle of the Somme (Fig. 2-6) in which millions 

of soldiers died in a single battle on each side. While in the trench, soldiers were safe from 

enemy machine gun fire and all indirect fire except direct hits, but without neutralizing the 
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enemy threat an attacking force could not leave the trench. It was only overcome by continuous 

logistical replenishment. In this case, an era of warfare where defensively-oriented forced could 

dominate the outcome of a war began. 

 

 

Figure 2-6: Soldier in the trenches at the Battle of the Somme, 1916. 

 

In World War II, the world saw many of the same tactics attempted but again the advance 

of technology rendered older protection methods insufficient against the threats faced. Hitler, in 

his initial push out of Germany into Poland in 1939, used a tactic called “blitzkrieg” which 

completely overwhelmed defending forces with the speed and power of a multi-faceted and 

technologically advanced attack. Aerial conflict became a more prevalent, bringing another 

dimension to warfare and greatly extending attack distances between opposing forces. Tanks 

were used extensively for the first time on the ground. Horses, which had been an incredibly 
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useful and dangerous addition to warfare as the transportation for cavalry which expanded the 

repertoire of ancient and medieval commanders to defeat the heavy infantry phalanx, were 

finally rendered obsolete with the use of tanks and internal combustion engines which did not 

require food, water, or rest as an animal does. Because of this, protective techniques had to 

become more advanced and faster to implement if on the move with vehicles and tanks, or 

stronger and more resilient to constant gunfire, artillery, and aircraft raids if emplaced as a 

permanent defense.  

 

 

Figure 2-7: German machine gun position along the Normandy coast, pre-invasion  

 

Two examples of this stood out in World War II. The first is the German defense of 

mainland Europe, specifically the beaches of northern France, immediately prior to the Allied 

invasion on D-Day (Fig. 2-4). These defenses were primarily made out of thick, reinforced 

concrete bunkers which could withstand several direct hits from small arms fire and any but 

direct hits from larger artillery bursts or naval gunfire. Combined with effective anti-aircraft fire 
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just behind the lines, artillery batteries in support of the beachhead defense, and machine gun 

nests which interlocked their sectors of fire, it proved to be a formidable opponent and 

considered at the time to be an impregnable defensive fortification. While the Allied forces of the 

United States, Great Britain, and Canada defeated the fortification in the end, the price paid by 

the attacking forces was enormous. Many different variables were considered by generals among 

the Allies, and several echelons of warfare (navy, army, marine, air force, airborne infantry, and 

special operations) were brought to bear on the German defense in arguably the most famous 

beach landing battle in history. 

The second example during World War II was in the Pacific Theater of operations, where 

the Allies (United States, Australia, and New Zealand with some help from Great Britain) fought 

against the Japanese Empire. Strategy across the large expanse of the Pacific Ocean and against a 

resilient and determined Japanese force required a different kind of battle plan which 

incorporated naval assets, air assets, and ground forces to advance the Allied cause. (Manchester 

279). The term issued to this campaign was “island hopping,” a strategy whose basis was to 

capture islands with the intent of using them for airfields. This would allow allied aircraft to refit 

and refuel prior to advancing the front line of battle with bombers and fighter planes. In the open 

ocean, aircraft carriers were used to project combat power long distances and to defeat naval 

forces, but the preferred method was to use islands since they could not be sunk as a ship could. 

Thus, the task of assaulting a beachhead, defeating the enemy forces present, repairing or 

building an airstrip capable of landing, refueling, and rearming aircraft, and holding the island 

against enemy counterattack became the central themes of the Pacific Campaign for the Allied 

forces. 
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In some of the first battles in the Pacific that the United States fought, the Japanese had a 

similar permanent defensive concept as the Germans (Fig. 2-8). Concrete bunkers, camouflaged 

with local flora, housed machine gun nests as well as artillery, anti-aircraft, and tank positions to 

defend beaches from amphibious assault (Manchester, 387). On the island of Okinawa, 

thousands of American Marines assaulted an island which already had a large runway capable of 

launching bombers to attack the Japanese mainland. While interlocking their positions with 

fortified and camouflaged bunkers, the Japanese also used a tunnel network to quickly and 

discreetly move soldiers and messages around the island, enabling them to reinforce their lines 

when they were weak and to constantly know the position of the American attackers. In this 

scenario, the Japanese defenders fought a defensive battle of attrition with the American forces 

blocking Japanese reinforcement from off the island. The Japanese forces on Okinawa fought 

bitterly at great odds to defend this island, and as a result the battle which lasted several days 

caused some of the highest casualty rates to date in the Pacific Theater (Manchester, 1, 435). 

 

 

Figure 2-8: Japanese pillbox, Iwo Jima, 1945.  
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This battle is a smaller example of a weakness to the constant, fortified defensive 

positions prevalent to the World Wars. In a state of war with front lines and well-planned 

defenses against offensive assaults, the defensive force almost always lost when it was 

surrounded or cut off from reinforcement to the rear of the line. This was the significance of 

aerial bombardment by fighters and bombers; they could fly over ground defenses and attack the 

rear lines of enemy forces with only the threat of anti-aircraft fire from the ground and opposing 

forces’ fighters in the air. Establishing a concept of “air superiority” first became the focus of 

future wars against peer-level threats and formed a basis for the Army Air Corps to become a 

completely separate branch of the military, the United States Air Force. If not established, aerial 

combat could dictate offensive and defensive operations for both sides, disrupting tactical and 

operational plans for ground forces. Once air superiority was established, defensive fortifications 

became more tactically feasible as a means of protecting supporting assets like troop staging 

areas, supply depots, ammunition storage, and refueling operations in combat.  

 

2.5: Asymmetric Warfare 

This air superiority concept thus was applied to later conflicts and drove operations on 

the ground into what is still called “asymmetric warfare,” or war between sides of vastly 

different capabilities. A prime example of this was the Vietnam War, where the United States 

fought against North Vietnamese forces who could not gain air superiority but could gain and 

maintain ground contact because of superior numbers and constant reinforcement along the 

ground. In this regard, the United States forces no longer fought along front lines and advanced 
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large forces to gain territory against a uniformed opponent. In Vietnam, while terrain could be 

denied to uniformed enemy soldiers (Moore, 198-212), guerilla-type warfare meant that seized 

terrain could not be secured unless either it was completely cleared of people (unfeasible and 

unethical) or continuously patrolled by ground patrols. Ground patrols became the primary 

method of maintaining security in already seized territory (Abrahamson, 55). 

In order to protect friendly forces against guerilla tactics and to establish strongholds 

from which to launch patrol operations, the United States established bases around landing strips 

for fixed wing aircraft or around landing pads for rotary wing (helicopter) aircraft. In this case, 

lines of communication and supply could remain open through the aerial routes while ground 

forces could continue to operate in patrolling missions. This required continuous security around 

the base. One way to do this was with interlocking sectors of fire, where stronghold bunker 

positions similar in concept to the defensive lines of the World Wars, where weapons oriented 

toward the enemy would have triangular sectors in which to engage the enemy. These sectors 

would be interlocked at a specific interval designated by commanders by analyzing terrain, 

weapon characteristics, and enemy capabilities. These positions would then support each other, 

and if they were spaced properly and placed in the correct locations, they would cover the entire 

perimeter of the base. Another was to use elevated, sandbag protected platforms which afforded 

the security teams greater visibility than at the ground, allowing the guards to engage the enemy 

at a farther distance (Fig. 2-9). In either case, any attacks at fortified bases would be met with 

significant volumes of fire and reduced chances of being overrun, although with superior 

firepower, tactically mobility, and greater numbers of soldiers enemy units could and did breach 

United States strongholds, as in the case of the Tet Offensive. 
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Figure 2-9: Guard Tower at Xuan Loc, Vietnam, ca. 1968 

 

2.6: Modern Counterinsurgency 

In modern times, the rise of insurgent warfare in conflicts in Iraq and Afghanistan 

produced the need for strongholds and patrolling tactics similar to those used in Vietnam. While 

the situation, enemy, missions, and terrain were different from Vietnam, some principles of 

securing bases were the same. Most large bases in Afghanistan and Iraq had walls around the 

entire perimeter of either concrete or soil to prevent the enemy from directly observing activities 

inside and to provide ballistic protection from direct and indirect fires. At specific intervals, 

elevated bunkers and firing positions were placed around the bases in similar fashion to 

Vietnam-era doctrine. In this way, NATO forces in both Iraq and Afghanistan could execute 

missions while being continuously protected. 
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Different from the Vietnam era, however, are the weapons used by both sides and in 

construction techniques for protective structures. Soil walls are erected either by use of 

bulldozers, which quickly create large berms with a triangular cross section intended to stop 

direct fire, or by using a wire and fabric basket system created and sold to the US military by 

HESCO. These HESCO baskets, which were purchased in varying sizes to fit many different 

needs, could be interlocked with other baskets and filled with soil to provide immediate ballistic 

protection (Fig. 2-10). Being block-shaped, these baskets could then be stacked up to three high 

(up to 25 feet) to provide additional protection and to construct bunkers, entry control points, and 

ammunition storage facilities entirely out of soil. This innovation of using soil was very cost 

effective and easy to implement with the assistance of earthmovers around both countries, 

providing friendly forces fast and effective protection methods for perimeter security and internal 

bunkers for hardening of key infrastructure within bases.  

 

 

Figure 2-10: HESCO barrier (background) protects soldiers executing duties in Afghanistan as 
well as sensitive equipment from enemy observation and attack (Crofoot, 2012) 
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In places where concrete was more readily available or in more urban terrain where 

transporting soil was more difficult, concrete barriers were used extensively to protect key 

personnel buildings and mission command locations. U-shaped concrete culvert sections were 

placed in a box pattern to provide inhabitants of these bases a safe place to hide from indirect fire 

attacks, which were more prevalent in both countries than direct assaults on the perimeter. In 

addition to concrete, brick-and-mortar buildings and structures could be built, but were rarer 

outside of major urban populations. By being able to customize protection methods in both 

conflicts with the same basic unit of protection, many bases in both countries were constructed in 

a short amount of time to meet the demands of combat as necessary. 

In the end, protection techniques for armies of the past and present are constantly 

changing according to the battles being fought, the missions commanders must accomplish, and 

the advancement of technology in warfare. As historical examples show, continuous 

improvement of protective capabilities that better match the capabilities and requirements of 

contemporary warfare as it exists in each case have had an enormous effect on the success of 

armies around the world. In the most recent examples, it’s important to note that the protection 

methods described in Iraq and Afghanistan were considered “temporary” according to doctrinal 

definitions but were more permanent in reality. Bases constructed out of HESCO baskets lasted 

several years with only individual cells and small sections of the wall being replaced regularly, 

and concrete bunkers for interior base protection were almost never moved. This immobility of 

protective assets is the key to its success; without moving, protective structures can last a very 

long time. If they needed to be moved more frequently or replaced, these structures could be torn 

down and rebuilt with new materials but at greater cost than simply leaving them in place. What 

would happen if the United States military had to fight in a Combined Arms Maneuver battle set 
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as well as a Wide Area Security situation? How could commanders protect their soldiers and 

assets from the effects of the enemy moving into the future if the enemy has a wide variety of 

weaponry and technology to use against them? Is there a better way? 
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CHAPTER 3: METHODOLOGY 

Ultimately, this study should provide the basis for a Bunker-in-a-box concept to be used 

by modern military forces. The questions posed in the preceding paragraphs can be narrowed 

down to several basic questions: is there a better design for a protective structure than what is 

currently in use? How can we objectively evaluate the performance of existing structures against 

a common set of resource metrics and designed for a specific threat? 

 

 

Figure 3-1: Methodology Flowchart 

 

In this study, archetypes are used to represent different protection methods as defined by 

the resulting protective structure. Figure 3-1 provides a flowchart which guides the general 

process from choosing an archetype through a final, quantified goal as symbolized by the star. 

Protective design archetypes are further subdivided into sections depending on materials 

required, machinery required, or both. The differences between these subdivisions will be 

explained in each section. Values for protection afforded by thickness of material is supplied by 

FM 5-34, Table 8-1 (Figure 3-2). The protection associated with each level will be calculated 

according to a direct fire threat of 7.62mm and below and an indirect fire threat of 122mm 
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mortars, which are both relatively common weapon systems and provide protection against most 

dismounted enemy efforts. 

 

 

Figure 3-2: Material Thickness for protection against direct and indirect fires. (FM 5-34, p. 8-1) 

 

3.1: Resource Metrics 

The resource metrics used in this study are simplified into three categories: man-hours, 

machine hours, and cost. These three, while not exclusive of other resource requirements, are a 

relatively complete method of determining how many resources must be allocated by archetype. 

The minimum protection requirements are based on resource metrics or requirements to meet a 

level of protection consistent with small arms fire and some indirect fire capabilities. Each 

archetype will defend against a minimum of 7.62 mm rifle and automatic fire as well as indirect 

fires up to 82 mm. The resources required will be in terms of man-hours, machine hours, and 
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cost and represent tangible quantities to allow a commander to make a subjective decision based 

on the friendly forces’ situation. For a commander to make this decision, his or her estimation of 

the number of soldiers available, equipment available, and number of soldiers to protect are only 

a few of these variables a commander will use to decide which archetype is best. 

Man-hours describes, whether through experience or chart data from various Army 

reference manuals, the number of hours one soldier must work. This can be divided among the 

total number of soldiers working, but care must be taken by commanders and leaders that the 

individual soldiers’ factors (gender, body type, muscle mass, experience level with equipment) 

can alter some values used in this study. For simplicity and generality, these individual factors 

are not addressed; man-hour calculations are based on an average soldier that is fit, healthy, and 

reasonably experienced in the work to be done. 

Machine hours is a measurement of how many hours a given machine needs to be run. It 

directly relates to fuel consumption and equipment required for a given task. In some archetypes, 

machine hours is coupled with man-hours because of driver requirements, but each unique case 

will be explained in more detail under each archetype’s description. 

The final piece to address is cost to the government, arguably the most important piece in 

convincing officials of the viability of this methodology. In reality, cost of labor to the United 

States is a large factor, but since the soldiers assigned to execute these construction projects are 

on a salary system and the construction is within their scope of duties as defined by their 

supervisors, personnel costs are not included in any cost estimates. Fuel requirements for 

vehicular activities are constrained to include only estimates of fuel efficiency during 

construction and are based on three years of executing operations with an active duty combat 
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engineer battalion in sandy, desert terrain at Fort Bliss, TX from 2014 to 2016. Other general 

assumptions not already outlined will be discussed as they arise later in the study. 

Each resource metric is also normalized on a per-soldier basis, where each comparative 

method is divided among the total number of soldiers to be protected. For example, one 

archetype is specifically used to protect individual soldiers or teams of two soldiers at a time, 

where other methods are used to protect many at once with significant effort. The normalization 

of each resource metric for each archetype will be explained further for each individual 

archetype. 

 

3.2: Protection Archetypes 

3.2.1 Sandbags and Pickets 

The first archetype used is sandbags and pickets. Using FM 5-34, Engineer Field Data, a 

sample bunker is considered which protects two soldiers in a deliberate fighting position as 

outlined in doctrinal specifications (Fig. 3-3). Since most combat soldiers are trained in this 

practice, it provides a common sample to quantify protective efforts. The text outlines quantities 

of sandbags required for frontal, flank, and rear cover as well as the depth of the position to be 

dug by the soldier. This study analyzes only individual weapons positions in order to simplify the 

problem into one which is generally applicable to most units, regardless of Military Occupational 

Specialty (MOS). This fighting position is expanded into any number of soldiers by dividing the 

time required for one position among the number of soldiers to protect. Time factors for man 

hours and machine hours are only estimated for digging and filling sandbags, while costs are 

only associated with the cost of the sandbags. Soil is assumed to be sandy soil for ease of filling 
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sandbags, although calculated position preparation times can be altered later to incorporate an 

estimated increase in time required to fill sandbags. For this archetype, most military 

applications do not protect more than about 40 soldiers, so that will be a threshold for 

determining its use and viability in this study but is always subject to a commander’s discretion 

in the field. 

 

 

Figure 3-3: Example design for a two-soldier fighting position (FM 5-34, p. 8-5) 

 

3.2.2 Reinforced Concrete 

The second archetype is reinforced concrete. Assumed in these calculations is a barrier 

design similar to a U-shaped concrete culvert or with stacked barriers to provide protection 

against direct and indirect fires. Two barriers are estimated, with Jersey barriers and Texas 



33 

 

barriers being the primary means of protection. These two were chosen because of their 

prevalence in the wars in Iraq and Afghanistan and their availability in current theaters of 

combat. Using these barriers, the calculations estimate both man-hours required per barrier and 

machine hours for lifting purposes. Different machinery is incorporated into the tables to allow 

different lifting capabilities to commanders desiring this form of protection. Finally, transport 

requirements are considered in terms of quantity of barriers hauled to the construction site. 

Different vehicles readily available in Army units are considered, and the program incorporates 

which lifting and hauling method is most common and more useful for each barrier. How many 

man-hours are required is also a function of which vehicle is chosen, as some vehicles require 

two operators and others only require one. In the cost calculation, only cost for the concrete 

barriers is considered due to the variability in construction equipment to be used for each 

product.  

This main archetype is divided between these two barriers and serve as two sub-

archetypes due to the differences in man-hours, machine hours, and cost. Since prices change, 

costs are an estimate based on two concrete manufacturers who specialize in traffic barriers. 

Jersey barrier pricing is set at $275 per barrier from Accent Concrete Barriers as found on their 

website. Texas barrier pricing is set at $2,572 per barrier from Belson Outdoors. Each barrier’s 

dimensions are found on the websites, to include weight. Jersey barriers are estimated to protect 

two soldiers per barrier, while the taller and more massive Texas barriers are estimated to protect 

five. Man-hours, machine hours, and cost are compared to the number of soldiers protected. For 

this archetype, most military applications do not protect fewer than 25 soldiers, so that will be a 

threshold for determining its use and viability but is always subject to a commander’s discretion 

in the field. 
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3.2.3 Berms 

The third archetype uses soil similar to the first, but in this case it is pushed into a berm 

around a large perimeter (Fig. 3-4). In this way, it provides only direct fire protection instead of 

protection against both direct fire and indirect fire. Also, since it is not practical for smaller units 

to protect themselves with this method and unlikely a smaller unit would have the assets 

allocated for construction, the lower limit for number of protected soldiers is 200, or roughly one 

company of troops. By comparison, Figure 3-4 shows a protective berm designed for more than 

1500 soldiers. 

Using values for soil protection found in FM 5-34 and common practices of building 

berms to eight feet in height, we see that the minimum height of protection against direct fire is 

dependent on the friction angle of the soil and the angle made at the height of the berm. 

Subtracting the unprotected height gives us a protected height of berm for each direct fire threat.  

Similar to the second reinforced concrete archetype, this berm archetype can be split into 

three different categories based on the materials and machinery available. Among army combat 

engineer units, those most likely to build these protective structures, three pieces of equipment 

are most common to execute earth moving operations: the D7 dozer (Fig. 3-5), the Armored 

Combat Earthmover (ACE), and the Improved High-Mobility Engineer Excavator (IHMEE). 

While each is designed specifically to move large quantities of soil, their fuel efficiency, work 

rate, and amount of armor for the operator very widely. Since there are finite assets in each 

engineer unit and demand for assets is high, allocation of resources can dictate the man-hours, 

machine hours, and cost of fuel for each protective berm. 
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Figure 3-4: Aerial view of a large area protected by berms. (Crofoot, 2015) 

 

Figure 3-5: D7 dozer constructs the berm from Figure 3-4 (Crofoot, 2015) 
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For the purposes of this study, allocation of resources is deliberately omitted in favor of a 

commander deciding which means he or she has available to construct. Calculations are based on 

which sub-archetype is chosen, and man-hours and machine hours are calculated. The D7 dozer 

is a fully tracked vehicle, has one operator, and can build 100 meters of berm in an hour and a 

half. Another tracked vehicle, the ACE has only one operator as well but requires 25% more time 

than the D7 to construct due to its smaller capacity and higher maintenance requirements. The 

IHMEE is a wheeled vehicle and has a bucket loader and an excavation arm for smaller projects 

like trench work and small earthworks. It requires two soldiers to operate, and because of its 

much smaller capacity it requires more than three hours to complete 100 meters of berm. 

Estimating 4 meters of berm per protected soldier, we can estimate the machine hours and man-

hours to construct the berm. Cost is calculated through fuel consumption rates and an estimated 

market price of fuel, adjustable as required. 

 

SECTION 3.3: Military Influence Factors 

Adding into the variables that factor into a commander’s decision-making process are the 

innumerable situations in which he or she might have to use protective structures. Situations as 

varied as urban infantry warfare reminiscent of the modern Battle of Fallujah to open desert 

tank-on-tank warfare similar to the African campaigns of World War II constitute a dilemma in 

terms of which archetype is truly the best to use. 

This dilemma can be solved using a situational analysis based on parameters for different 

military situations common to most mission sets. Using doctrinal mission variables known by the 

acronym METT-TC, almost any situation can be described in military terms. The acronym 
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stands for Mission, Enemy, Time, Troops Available, Terrain, and Civil Considerations (ADRP 

3-0, p. 1-2). Using these categories of parameters, subsets of the parameters can be assigned 

which determine the specific military situations to address. A summary list of the parameters 

considered in this study for the Sandbag and Picket Archetype are listed in Table 3-1 (page 38), 

which can also be found in Appendix A.  

 

3.3.1: Mission Variable 

The mission variable allows for variability in tasks to different units while not 

specializing mission sets to specific branches or duties. The parameters chosen were patrol base 

operations, small arms contact, indirect fire contact, base defense, maneuver defense against a 

lightly armored or dismounted enemy, maneuver defense against an armored or mechanized 

force, and defense support to civil authorities (DSCA). For example, all soldiers and units must 

be trained to respond to small arms fire or indirect fire attacks.  

 

3.3.2: Enemy Variable 

The enemy variable accounts for enemy sizes, capabilities, and typical weaponry used 

regardless of the symmetric or asymmetric nature of the battle, that is, whether our forces have a 

substantial technological advantage or if the enemy is near-peer in capabilities and weapons. The 

parameters for this group are dismounted forces, mounted forces in light-skinned vehicles, 

mounted on armored vehicles, and artillery or indirect fire. Enemy size is accounted for 

indirectly since the larger the enemy force, the larger weapons they are likely to bring to bear on  
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Table 3-1: Sandbag and Picket Archetype Military Influence Factors 

 

 

 

 

 

Sandbag and Picket Archetype 

MISSION 

Man-Hour 

Factor (γMP) 

Machine Hour 

Factor (γMM) Cost Factor (γMC) 

Patrol Base Operations 0.60 0.30 0.50 

Small Arms Contact 0.90 0.70 0.70 

Indirect Fire Contact 1.60 1.20 1.30 

Base Defense 1.00 1.00 1.00 

Maneuver Defense – Light 1.10 0.90 1.00 

Maneuver Defense – Armored 1.40 1.90 2.00 

Defense Support to Civil Authorities 0.60 1.30 1.70 

ENEMY 

Man-Hour 

Factor (γEP) 

Machine Hour 

Factor (γEM) Cost Factor (γEC) 

Dismounted 0.80 0.50 0.70 

Mounted – Light Skinned Vehicles 1.00 1.00 1.00 

Mounted – Armored Vehicles 1.20 1.50 1.20 

Artillery/Indirect Fire 1.50 1.60 1.60 

TERRAIN 

Man-Hour 

Factor (γTP) 

Machine Hour 

Factor (γTM) Cost Factor (γTC) 

Urban 1.10 0.80 0.80 

Desert 1.80 1.10 1.10 

Jungle/Forest 1.50 1.30 1.40 

Mountain 1.70 1.80 1.70 

Rolling hills/farmland 1.00 1.00 1.00 

CIVIL CONSIDERATIONS 

Man-Hour 

Factor (γCP) 

Machine Hour 

Factor (γCM) Cost Factor (γCC) 

Areas 1.00 0.80 1.10 

Structures 0.80 1.00 0.60 

Capabilities 1.20 1.10 1.00 

Organizations 1.30 0.60 1.70 

People 1.60 0.70 1.50 

Events 1.50 1.30 1.80 
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friendly forces. For example, one would not expect a single armored vehicle such as a T-90 tank 

to attack without support from additional armored assets and artillery. Likewise, it is uncommon 

for a small unit comprised of about 5-10 enemy soldiers to employ assets like large caliber 

automatic weapons, heavily armored vehicles, and large artillery strikes. 

 

3.3.3: Terrain Variable 

Terrain is a broad parameter that encompasses many of the environments in which the 

Army must be prepared to fight. Terrain analysis is a finely tuned skill used by leaders at many 

echelons of the Army’s structure and proved challenging to quantify. In the interest of this study, 

generalizations of terrain types are intended to dictate what is available in a given terrain type to 

use as protection. These parameters were then chosen as urban terrain defined by man-made 

structures and transportation networks; deserts with a high probability of sand as well as large 

temperature differentials between day and night; jungle or forest terrain with softer soil 

containing more organics and a surplus of vegetation like trees and bushes; mountain terrain with 

steep slopes, rocky terrain, and less vegetation; and rolling hills or farmlands which provide 

more well-graded soil with some organics, gentle slopes with less rock and more concealment 

capability, and less dense vegetation. For example, in urban terrain soil is usually not as easily 

accessible to build sandbag revetments but the transportation capability and abundance of 

concrete in urban areas promote the use of reinforced concrete or existing structures for 

protection. 
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3.3.4: Civil Considerations 

Civil considerations are defined in ADRP 5-0 The Operations Process as, “The influence 

of manmade infrastructure, civilian institutions, and activities of the civilian leaders, populations, 

and organizations within an area of operations on the conduct of military operations.” (p. 1-9). In 

other words, civil considerations have to do less with terrain as it was defined previously and 

more with the actions of the civilian population around military operations. This dictates how 

friendly forces execute their mission while maintaining support from local civilian authorities. 

The characteristics of civil considerations then become the parameters to which variables are 

assigned: areas, structures, capabilities, organizations, people, and events. As an example, 

protected structures such as religious buildings and hospitals can greatly affect how many berms 

can be erected using heavy equipment versus smaller, less efficient but better suited vehicles like 

the IHMEE. 

 

3.3.5: Time and Troops Available 

From this, the other two variables of time and troops available are deliberately omitted. 

Time is omitted because it can be expressed as a function of man-hours and machine-hours 

required for a given situation. The troops available variable directly contributes to the number of 

man-hours available to a commander as well as the number of soldiers to protect with a given 

archetype, so it is already expressed within the parameters of the methodology. All situational 

analysis variables assigned can be found in Appendix A, Situational Analysis Variables, and are 

subject to refinement with further research which will not be conducted in this study. 
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3.4: Calculation of Resource Metrics – Quantitative Analysis 

In order to have a baseline of protection, each archetype is considered as one protective 

structure once complete. This means that in this study, the archetype cannot be adjusted below 

1.0 unit (sandbag positions, complete berm, or full reinforced concrete barrier) and therefore 

represents a common protection level. While some of these archetypes can theoretically protect 

against more powerful threats (a berm can stop larger caliber direct fire threats, for example), the 

additional protection afforded by these measures are not considered in order to simplify the 

quantitative analysis. 

The calculation of the cost in terms of man-hours, machine hours, and monetary value 

can be defined as a function of the number of soldiers to protect. These functions inherently 

normalize each protection archetype in terms of “protection per soldier.” Each formula can be 

clarified into resource metrics for each archetype as a normalized function of the number of 

soldiers to be protected where P represents Man Hours, M represents Machine Hours, and C 

represents Cost (USD). These values are calculated based on unique requirements within each 

archetype.  

These are further refined by situational factors as listed above to represent an adjusted 

resource requirement designated with the prime notation. The situational factors listed in 

Appendix A are labeled with γ notation with subscripts which represent resource metrics (man-

hours, machine hours, and cost) and military influence factors (mission, enemy, terrain, and civil 

considerations). For example, calculating the adjusted man-hours required to build any archetype 

can be described in the following equation: 
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�� = �(���)(�	�)(�
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where γMP represents the mission military influence factor with respect to man-hours, γEP 

represents the enemy factor, γTP represents the terrain factor, and γCP represents civil 

considerations. The prime notation (P’) indicates the man-hour measurement has been adjusted 

from initial assumptions and reflects changes to ideal situation assumptions made in determining 

P. This formula can be extrapolated to the other resource metrics to result in the following 

complete list of independent equations: 

�� = �(���)(�	�)(�
�)(���) 

�′ = �(���)(�	�)(�
�)(���) 

�� = �(���)(�	�)(�
�)(���) 

These equations represent the adjusted resource metrics, which are adjusted by archetype 

in Appendix A. These three outcomes per archetype should directly influence a commander’s 

decision based on the friendly forces situation, such as troops available and time. 

As the study progresses, issues of logistical requirements can be inferred with the assets 

used in the various protection archetypes studied, materials required, and cost of construction in 

both labor and materials. To simplify the scope of this study, the logistical analysis conducted in 

this study will be confined to the construction process only. While this methodology does not 

encompass all contingencies, it addresses the key need to normalize the efforts and costs of using 

different protection methods against various threats. The viability of these methods is subject to 

many other variables on smaller scales (licensing on equipment, familiarity with the machinery, 

weather conditions, and small unit leadership ability, to name a few) but provide a framework of 

establishing a common denominator to compare different methods quantitatively.  
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CHAPTER 4: PRELIMINARY VALIDATION: SITUATIONAL COST ANALYSIS 

In order to validate the accuracy of the proposed methodology in Chapter 3 is to test it 

using realistic situations. Although it is difficult to conduct dollar cost of some of the options 

directly, it is possible to evaluate the framework by applying it to some realistic scenarios to see 

if the judgement rendered from the analysis results make common sense. One way of 

determining the best assessment of protection archetypes is using a sensitivity study. This study 

can be executed with one of the previously mentioned protection methods. Here, real-world 

situations are presented as a test for each archetype and methodology to confirm or deny the 

applicability of each type as well as the assumed numbers associated with each. These situations 

are both based on personal experiences as recalled during unclassified training scenarios. Actual 

combat after-action reviews are omitted from this sensitivity analysis due to their classified 

nature and sensitive material associated with the situations. 

 

4.1: Sensitivity Analysis – Hypothesis 

A commander would not tell his battalion that each pair of individuals would have to 

create their own fighting positions out of sandbags and pickets. Likewise, a commander would 

not choose to protect a squad of dismounted soldiers by creating a 360 degree berm around them. 

Other situations are not as clear, in which case a hypothesis on the most economical or efficient 

design must be made. One such case is in an operational environment such as Kandahar, 

Afghanistan protecting groups of up to 100 soldiers from rocket attacks on a patrol base which 

has all equipment and manpower resources necessary for either sandbags and pickets or 
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reinforced concrete Texas barriers. In this scenario, a commander should choose to use 

reinforced concrete for the reduced requirement in man-hours and perceived cost. 

 

4.2: Sensitivity Analysis – Reinforced Concrete vs. Sandbags and Pickets 

To begin, the sandbag and picket method is examined to determine its real-world 

viability. In this scenario, several infantry units are executing patrol base operations against a 

dismounted enemy in a sparse, uninhabited desert. The number of soldiers to protect is 100, so 

based on unfactored quantitative analysis the units require P = 274 man-hours and 5400 sandbags 

to construct fighting positions for all 100 members, and the total cost C = $5,400 for the 

sandbags. In this scenario, the situational parameters for Man-Hours under Mission, Enemy, 

Terrain, and Civil Considerations from Appendix A are, respectively, γMP=0.6 (Patrol Base 

Operations), γEP=0.8 (Dismounted Enemy), γTP=1.8 (Desert), and γCP=1.0 (Uninhabited). 

Inserting these into the below equation provides the following results: 

�′ = �(���)(�	�)(�
�)(���) 

�′ = (274)(0.6)(0.8)(1.8)(1.0) 

�′ = 236.736 

where adjusted value P’ is the factored 236.736 man-hours. The same process is applied to the 

cost factor and is shown below: 

�′ = �����	��
���� 

�′ = $5,400(0.5)(0.7)(1.1)(1.0) 
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�′ = $2,079.00 

A summary of these values and the resulting costs can be found below. 

 

Table 4-1: Summary of Sandbag and Picket Sensitivity Analysis 

Sandbag and Picket Archetype Situational Sensitivity Analysis 

Situational Parameter Man-Hour Factor (man-hours) Cost Factor 

UNFACTORED VALUES 274 $5,400.00 

MISSION: Patrol Base Ops 0.6 0.5 

ENEMY: Dismounted 0.8 0.7 

TERRAIN: Desert 1.8 1.1 

RESULT 236.736 man-hours $2,079.00 

 

 

While this shows a significant number of man-hours to construct (each soldier would 

have to work for nearly 2.5 hours), the cost is below $5,000, or below $50 per protected soldier. 

In comparison, a reinforced concrete option should be considered in the course of 

validation. In the case of reinforced concrete, resource metrics are expanded to include machine 

hours in the requirement. To protect 100 soldiers, the resource requirement for each is as follows 

according to quantitative analysis: 

� = 20 

� = 10 
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� = $51,440.00 

Finding military influence factors will adjust these resource metrics. Applying the military 

influence factors to these variables gives the following results: 

�′ = �����	��
���� 

�′ = (20)(0.60)(0.80)(1.40)(1.0) 

�′ = 13.44 

�′ = �����	��
���� 

�′ = (10)(0.80)(0.80)(1.20) 

�′ = 7.68 

�′ = �����	��
���� 

�′ = ($51,440)(0.60)(1.00)(1.30)(1.00) 

�′ = $40,123.20 

Table 4-2 shows a summary of these values. Comparing resource metrics between 

reinforced concrete and sandbags and pickets, the cost is dramatically higher per protected 

soldier (more than $400 per soldier), but the man hours required is dramatically lower (about 8 

minutes per soldier). 
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Table 4-2: Summary of Reinforced Concrete Sensitivity Analysis 

Reinforced Concrete Archetype Situational Sensitivity Analysis 

Situational Parameter Man-Hour Factor 

(man-hours) 

Machine Hour Factor 

(machine hours) 

Cost Factor 

UNFACTORED 

VALUES 

20 10 $51,440.00 

MISSION: Patrol Base 

Ops 

0.6 0.8 0.6 

ENEMY: Dismounted 0.8 0.8 1.0 

TERRAIN: Desert 1.4 1.2 1.3 

RESULT 13.44 man-hours 7.68 machine hours $40,123.20 

 

 

4.3: Sensitivity Analysis – Berms vs. Sandbags and Pickets 

To hypothesize about another obvious situation, it can be determined that to protect a 

large number of soldiers given the appropriate assets that a commander would choose a long, 

continuous earthen berm over a wall of sandbags. The following paragraphs should prove this 

point. 

In this example, a large element of soldiers must be protected with heavy assets, as 

studied in the Fort Bliss training area during several iterations of field training exercises. In this 

case, a perimeter is established around a Tactical Assembly Area (TAA) using D7 dozers to 

protect an element of approximately 900 soldiers and their associated equipment. This is on 

sandy desert terrain and requires 12 two-soldier fighting positions to be made of sandbags to 

secure the perimeter against assumed enemy attack using lightly armored vehicles. In the field 

environment, a small village is nearby with local religious events occasionally hindering the 
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movement of military vehicles around the worksite. In this scenario, values are entered into the 

quantitative analysis for berms to result in unfactored values as follows: 

� = 54 

� = 54 

� = $1,992.38 

Constructing 12 sandbag fighting positions along the berm requires an unfactored 68.8 man-

hours and costs $1,296. Entering the parameters for the given situation results in a total resource 

allocation as 242.6 man-hours, 71.28 machine hours, and $5,729.18. Table 4-3 shows a summary 

of these results. 

In contrast, building a wall of sandbags requires more in-depth calculations than a basic 

analysis as above. Assuming that the 12 sandbag fighting positions will be consistent, a wall of 

sandbags around a perimeter for approximately 900 soldiers requires approximately 2 meters per 

soldier, or 1800 meters in total length. Since each sandbag is 26 inches long, the wall would 

require 1.5 sandbags per meter, or 2700 total sandbags per course. To build one layer of wall to a 

height of 7 feet would require 21 courses if each sandbag is 4 inches thick. This means that 

without reinforcing or multiple layers for wall stability, a wall around this perimeter would 

require 56,700 sandbags at a cost of $56,700.00. At 3 minutes per sandbag, the wall would also 

require 2,835 man-hours to construct, or 3.15 unfactored hours per protected soldier. Using the 

same factors as used in the berm example for sandbags produces a situationally adjusted 

requirement of P’=7654.5 man-hours and C’=$112,266.00. Adding the wall requirements to the 

12 fighting positions produces a total cost of C’=$114,832.08 and P’=7840.26 man-hours, or 8.7 

man-hours per soldier. These values are summarized in Table 4.4 for clarity. 
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Table 4-3: Summary of Berm Sensitivity Analysis with 12 Sandbag Fighting Positions 

Berm Archetype Situational Sensitivity Analysis 

Situational Parameter Man-Hour Factor  Machine Hour Factor Cost Factor 

UNFACTORED VALUES 
(Berms) 

54 54 $1,992.38 

MISSION: Base Defense 1.0 1.0 1.4 

ENEMY: Mounted – Light-
Skinned Vehicles 

0.9 0.8 0.7 

TERRAIN: Desert 0.9 1.1 0.9 

CIVIL CONSIDERATIONS: 
Events 

1.3 1.5 1.8 

RESULT 56.862 

man-hours 

71.28 

machine hours 

$3,163.10 

UNFACTORED VALUES 
(Sandbags) 

68.8 0 $1,296.00 

MISSION: Base Defense 1.0 N/A 1.0 

ENEMY: Mounted – Light-
Skinned Vehicles 

1.0 N/A 1.0 

TERRAIN: Desert 1.8 N/A 1.1 

CIVIL CONSIDERATIONS: 
Events 

1.5 N/A 1.8 

RESULT 185.76 

man-hours 

0 

machine hours 

$2,566.08 

TOTAL 242.622 

man-hours 

71.28 

machine hours 

$5,729.18 
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Table 4-4: Summary of Sandbag Wall Analysis 

 

 

 

 

Sandbag and Picket Wall Situational Sensitivity Analysis 

Situational Parameter Man-Hour Factor  Machine Hour Factor Cost Factor 

UNFACTORED VALUES 
(Berms) 

2835 0 $56,700.00 

MISSION: Base Defense 1.0 N/A 1.0 

ENEMY: Mounted – Light-
Skinned Vehicles 

1.0 N/A 1.0 

TERRAIN: Desert 1.8 N/A 1.1 

CIVIL CONSIDERATIONS: 
Events 

1.5 N/A 1.8 

RESULT 7654.5 

man-hours 

0 

machine hours 

$112,266.00 

UNFACTORED VALUES 
(Sandbags) 

68.8 0 $1,296.00 

MISSION: Base Defense 1.0 N/A 1.0 

ENEMY: Mounted – Light-
Skinned Vehicles 

1.0 N/A 1.0 

TERRAIN: Desert 1.8 N/A 1.1 

CIVIL CONSIDERATIONS: 
Events 

1.5 N/A 1.8 

RESULT 185.76 

man-hours 

0 

machine hours 

$2,566.08 

TOTAL 7840.26 

man-hours 

0 

machine hours 

$114,832.08 
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4.4: Sensitivity Analysis – Conclusion 

 Using this methodology among these examples shows that we can validate the methods 

to real-world historical or personal examples. In the case of the first two archetypes, the initial 

hypothesis that the man hours required is less is correct, but the cost assumption is incorrect; 

concrete barriers are much more expensive than sandbags and pickets. In a situation where a 

commander might need to protect 100 soldiers, time to construct the protective structure will 

often prevail over the cost of materials. For the second situation, it is obvious that a commander 

with digging assets will choose a berm over sandbags and pickets because of both the man hours 

and associated cost. However, the relatively low cost per soldier of the berm analysis is not 

entirely representative of all nuances of protecting a 900 soldier unit since units of that size are 

likely to have vehicle-mounted weapons for fighting positions as well as entry control points 

which must be carefully planned, built, and secured with additional sandbag positions. In all, 

while these estimations are not perfect, they represent an effective quantitative analysis which 

takes into consideration military influence factors and resource metrics in each given situation. 

 In one regard, an outside observer may conclude that the ambiguous or subjective nature 

of the outcomes in this analysis are not sufficient to determine the viability of one protection 

archetype over another. However, a commander has the authority and skills required to 

determine the best course of action depending on the commander’s knowledge of friendly forces 

and resources available. In some cases, cost (C’) may be too prohibitive to consider the decision 

as acceptable even if the requirements of man-hours and machine hours could mean a faster 

completion time. In other cases, the speed afforded with decreased man-hours (P’) or machine 

hours (M’) could overcome the monetary cost associated with it. While not completely 

applicable in all military situations, the solution which will be completed in the least amount of 
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time is generally preferred to a commander, regardless of cost. However, as military budgets 

become more constrained, cost could carry more subjective weight with a commander and 

therefore could influence a decision without regard to time-based metrics. 

This methodology can be applied to different protective options and structures to provide 

a consistent, quantitative analysis of different structures’ protective qualities with factored 

resource requirements to account for different scenarios. The validation with the sensitivity study 

of different protection methods shows that, in general terms, the larger the force, the longer a 

protective project will take in terms of man hours and machine hours and will cost more in fuel 

costs alone. The individual factors for each parameter show that real-world scenarios can change 

the efficiency of the method and resource allocation during planning for leaders at all levels. In 

all, this methodology is validated as closely to real-world scenarios and serves as a model for 

testing new materials mathematically and virtually. The methodology is not designed to replace a 

commander’s decision-making process (which may prove to be disastrous in real combat 

situations), but to provide consistent and quantitative inputs to support commander’s decision. 
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CHAPTER 5: MASS TIMBER PROTECTIVE STRUCTURE 

Based on existing protective structure archetypes, a new archetype can be proposed to 

provide some advantage in certain situations. Constructed from a material known as cross-

laminated timber (CLT), the structural properties of this archetype are used in new engineered 

lumber construction projects in several countries around the world and the United States. Several 

separate studies on its structural viability, lateral load and vibration response, and fire resistance 

have been completed in the last several years which have led to acceptance as an engineering 

structural material in the United States. The current CLT standards in North America was 

published by APA in 2012 (PRG 320) and has been adopted by the latest wood design code 

(NDS 2015) and IRC 2015.  

 

5.1: Introduction to Cross-Laminated Timber (CLT) 

According to the CLT Handbook, CLT is a material made of orthogonally-oriented 

dimensional lumber, usually 2” nominal size (1.5” actual thickness), but technically anywhere 

from 5/8” to 2” thick. The layers are laminated together on their wide face in a similar fashion to 

plywood or oriented strand board (OSB), but in much thicker panels. At minimum, three layers 

are combined to create a panel, but adding two more layers of planks to the outer layers can add 

thickness up to a total 20 inches. Figure 5-1 shows some panel configurations from the CLT 

Handbook. 

The lumber used as components for CLT are either visually graded or machine stress 

rated and therefore creates a strong structural component which can be used for bending 

moments, axial forces, and shear forces. Manufacturing and transportation requirements typically 
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restrict the dimensions of panels to standardized widths, and lengths are prescribed by 

engineering designs. 

 

 

Figure 5-1: Generic CLT Panel Configuration (CLT Handbook, p. 4) 

 

By using this material, a structurally sound system can be designed which theoretically 

possesses the required thickness to stop direct and indirect fire. Until recently no ballistic tests 

had been conducted which would adequately determine performance against direct fires. In 

September 2017 an initial analysis study was published by LTC Kathryn Sanborn and Cadets 

Zade Koch and Andrew Valkenburg through the United States Military Academy (USMA), the 

United States Army Corps of Engineers, Army Research Laboratory (ARL), and the Engineer 

Research and Development Command (ERDC). The team tested varying thicknesses of CLT 

with and without hybrid reinforcing (Kevlar, steel, and glass/concrete composite) and found 

linear test data which compared striking velocity to minimum thickness which resists 



55 

 

perforation. The conclusions presented by the team indicated, among other things, that the hybrid 

CLT designs improve ballistic performance and could have some residual capacity to resist 

penetration after the initial contact. 

 

5.2: Preliminary CLT Bunker Design 

 

 

Figure 5-2: CLT Bunker Design (Isometric View) 

 

Because of this, the following design is proposed as a means to protect soldiers with this 

new material while incorporating some of the data that LTC Sanborn, et al, have researched. A 

simple structure, the CLT Bunker uses two walls, a roof, and a sloped front face to resist 

incoming direct and indirect fire attacks. All panels are 7-Ply CLT with ½” steel plate integrated 

along the entire interior surface of the panel to provide another layer of ballistic protection (see 
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Figures 5-2 and 5-3). The steel and CLT panels will have to be combined prior to first use, likely 

with an Army adhesive compound applied before deployment at the unit’s home base.  

This design should be sufficient to protect two soldiers with one crew-served weapon 

(machine gun). The opening in the front face is 4’-0” and 18” tall, tall enough to accommodate a 

weapon on a tripod yet small enough to minimize exposure to incoming fire. At 5’-0” it is short 

for most soldiers in uniform but is tall enough to accommodate a sitting position at the weapon. 

Finally, the 5’-2” inside width is wide enough for two soldiers side-by-side in body armor. The 

sloped front face should make sufficient storage space for ammunition, soldiers’ equipment, or 

any manner of devices required to defend a position. Connections will be standard steel 

connections at each 90-degree interface angle and ½” bolts to hold the structure in place. The 

side panels protect against obliquely fired shots as well as shrapnel from any but direct hits from 

indirect fire systems.  

In constructing this bunker, equipment must be used to lift the massive panels. The 

largest panel by volume is the front face at 40.58 ft3 in CLT and 1.89 ft3 in steel plating. 

Assuming the unit weight of CLT alone as 32 lb/ft3 and the steel reinforcement is 490 lb/ft3, the 

weight of the heaviest section (front face) will be approximately 2200 lb. This weight can be 

lifted by a forklift or standard HEMTT crane, meaning that the appropriate assets to construct a 

bunker are already in place in most units of battalion size or greater. Man-hours required for 

construction will be based on a crew of four to build (one foreman, two workers, one crane or 

forklift operator). The cost of this design is based on bids sent to Lam-Wood Systems, Inc., in 

Denver, CO and will require $12,082.11 per constructed bunker based on a $30 per square foot 

CLT cost. While a high price for an individual bunker, this protective option is slightly different  
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Figure 5-3: Left elevation view of the bunker design, with dimensions. 

 

    

Figure 5-4: Front and rear elevation views of the bunker, illustrating the weapons port 
dimensions. 
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from other archetypes because it is easily transportable (occupies less volume and weighs less 

than reinforced concrete barriers) and reusable (unlike sandbag and picket designs or berm 

designs). 

Applying a factor of reusability which estimates the number of times one bunker can be 

reused, the cost of the bunkers drops dramatically. For the purposes of this study, it is assumed 

one bunker will be used a minimum of 5 times in combat. Because of this, the CLT reusability 

factor is 0.2 but is subject to further refinement with additional research. 

In the instance of a CLT bunker, its design implies a position for a crew-served weapon; 

its intent is not to protect a mass number of soldiers with individual weapons. If used in this 

fashion, many bunkers would be required to protect a unit too small to have equipment necessary 

for construction. A conservative estimate is that a typical infantry unit platoon size and larger 

employs about 30% of it soldiers with crew-served weapons. In this case, soldier estimates 

should either be reduced to 30% of its total size or adjusted to account for crew-served weapon 

protective structures only. These estimates directly influence the number of soldiers to protect 

and, therefore, the number of bunkers required to construct. 

By using this structure, the military has a simple yet feasible design to qualitatively 

analyze for future expeditionary missions. While qualitative analysis can discover perceived 

subjective strengths and weaknesses, a quantitative analysis is required in order to assert this 

option’s viability over other options as well as make a prediction about its performance and 

efficiency in any given combat scenario using military influence factors. 

  



59 

 

CHAPTER 6: COST ANALYSIS FOR CLT PROTECTIVE OPTION 

To analyze this protective structure, an assessment must quantitatively evaluate its 

efficiency in terms of man-hours, machine hours, and cost, then compare it to given situations. In 

this chapter, two options will be explored to provide a preliminary evaluation by comparison to 

other protective options. Both are compared to options explored in Chapter Four sensitivity 

analyses in order to provide common reference points. 

 

6.1: Comparison and Analysis of CLT versus Reinforced Concrete 

 From Chapter Four, Reinforced Concrete option for 100 soldiers executing patrol base 

operations in a desert environment against a dismounted enemy required 13.44 man-hours, 7.68 

machine hours, and $40,123.20. The table below shows the summary of the situational analysis 

again for clarity: 

 

Table 6-1: Review of Reinforced Concrete Situational Analysis 

Reinforced Concrete Archetype Situational Sensitivity Analysis 

Situational Parameter Man-Hour Factor 

(man-hours) 

Machine Hour Factor 

(machine hours) 

Cost Factor 

UNFACTORED 

VALUES 

20 10 $51,440.00 

MISSION: Patrol Base 

Ops 

0.6 0.8 0.6 

ENEMY: Dismounted 0.8 0.8 1.0 

TERRAIN: Desert 1.4 1.2 1.3 

RESULT 13.44 man-hours 7.68 machine hours $40,123.20 
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 In the same situation with the CLT archetype, an analysis of resource metrics must be 

accomplished. In this case, several units consisting of 100 soldiers are to be protected. Using the 

30% estimate of crew-served weapons in these units, the number of soldiers using bunkers is 30, 

requiring 15 bunkers. Since a unit of this size likely would have a crane at its disposal (based on 

prominence in organization of unit equipment), values for construction with a crane are used. 

Based on this, values for P, M, and C based on quantitative analysis are as follows: 

� = 50 

� = 12.5 

� = $36,246.33 

Applying the military situational factors from Appendix A, the Mission variable is Patrol Base 

Operations (γMP=0.60, γMM=0.60, γMC=0.80), the Enemy variable is Dismounted (γEP=0.80, 

γEM=0.70, and γEC=0.80), the Terrain variable is Desert (γTP=1.10, γTM=0.90, and γTC=1.20), and 

the Civil Considerations variable is 1.0 for all factors. These factors are now multiplied by the 

original resource metrics. A summary of the following results can be found in Table 6-2: 

�′ = 50(0.60)(0.80)(1.10) 

�� = 26.4 

�′ = 12.5(0.60)(0.70)(0.90) 

�′ = 4.725 

�′ = $36,246.33(0.80)(0.80)(1.20) 

�′ = $27,837.18 
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Table 6-2: Summary of CLT Archetype Situational Analysis 

CLT Bunker Archetype Situational Sensitivity Analysis 

Situational Parameter Man-Hour Factor 

(man-hours) 

Machine Hour Factor 

(machine hours) 

Cost Factor 

UNFACTORED 

VALUES 

50 12.5 $36,246.33 

MISSION: Patrol Base 

Ops 

0.6 0.6 0.8 

ENEMY: Dismounted 0.8 0.7 0.8 

TERRAIN: Desert 1.1 0.9 1.2 

RESULT 26.4 man-hours 4.725 machine hours $27,837.18 

 

 

When analyzing the sensitivity of reinforced concrete in Chapter Four, it was assumed a 

commander might choose to use the reinforced concrete archetype due to the extremely low 

man-hour requirement (P’) despite the high monetary cost (C’). In other words, a commander 

would have chosen the protection archetype based on speed and not cost. If using the same 

evaluation criteria as before, the CLT option would be chosen because of the amount of time per 

soldier it would require (6.6 hours per soldier on detail versus 6.72 hours per soldier), the 

number of machine hours required, and cost differential. However, since both options are 

relatively similar in all three metrics, other methods of evaluation might include availability of 

protective options or the nature of expeditionary conflict and pace of battle. 
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6.1: Comparison and Analysis of CLT versus Berms 

 From Chapter Four, the protective measure for berms which protected 900 soldiers 

included the construction of 12 sandbag fighting positions for direct fire security around the 

perimeter of the berm. In this case, the total adjusted resource metrics were P’=242.622 man-

hours, M’=71.28 machine hours, and C’=$2566.08. Table 6-3 on page 63 shows the summary of 

the situational analysis again for clarity. 

In order to use CLT bunkers, this study will assume the berms will remain in place but 

the fighting positions will be converted to CLT bunkers. To analyze this with quantitative 

analysis, the initial resource metrics using a crane for 12 bunkers would require P=40 hours, 

M=10 hours, and C=$28,997.06. Adjusting the variables with military influence factors for 

Mission (Base Defense), Enemy (Light-Skinned Vehicles), Terrain (Desert), and Civil 

Considerations (Events), we get the following values, summarized in Table 6-4. This result can 

then be combined with the berm analysis to produce totals for resource metrics as described in 

Table 6-5 on page 64. 

 Comparing the options for berms with sandbags versus berms with CLT bunkers shows 

that the man-hour requirement drops considerably from 242.622 man-hours to 87.022 man-

hours, machine hours increase slightly from 71.28 to 77.76 machine hours, and the monetary cost 

increases significantly from $5,729.18 to $44,918.87. If the same commander from the previous 

example chose based on time required to accomplish the protection mission, the CLT bunker  
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Table 6-3: Review of Berm Sensitivity Analysis with 12 Sandbag Fighting Positions 

Berm Archetype Situational Sensitivity Analysis 

Situational Parameter Man-Hour Factor  Machine Hour Factor Cost Factor 

UNFACTORED VALUES 
(Berms) 

54 54 $1,992.38 

MISSION: Base Defense 1.0 1.0 1.4 

ENEMY: Mounted – Light-
Skinned Vehicles 

0.9 0.8 0.7 

TERRAIN: Desert 0.9 1.1 0.9 

CIVIL CONSIDERATIONS: 
Events 

1.3 1.5 1.8 

RESULT 56.862 

man-hours 

71.28 

machine hours 

$3,163.10 

UNFACTORED VALUES 
(Sandbags) 

68.8 0 $1,296.00 

MISSION: Base Defense 1.0 N/A 1.0 

ENEMY: Mounted – Light-
Skinned Vehicles 

1.0 N/A 1.0 

TERRAIN: Desert 1.8 N/A 1.1 

CIVIL CONSIDERATIONS: 
Events 

1.5 N/A 1.8 

RESULT 185.76 

man-hours 

0 

machine hours 

$2,566.08 

TOTAL 242.622 

man-hours 

71.28 

machine hours 

$5,729.18 
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Table 6-4: Summary of 12 CLT Bunkers Situational Analysis 

CLT Bunker Archetype Situational Sensitivity Analysis 

Situational Parameter Man-Hour Factor 

(man-hours) 

Machine Hour Factor 

(machine hours) 

Cost Factor 

UNFACTORED VALUES 40 10 $28,997.06 

MISSION: Base Defense 1.0 1.0 1.0 

ENEMY: Light-Skinned 

Vehicles 

0.8 0.8 0.8 

TERRAIN: Desert 1.1 0.9 1.2 

CIVIL CONSIDERATIONS: 

Events 

0.8 0.9 1.5 

RESULT 28.16 man-hours 6.48 machine hours $41,755.77 
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Table 6-5: Summary of Berm Analysis with 12 CLT Bunker Fighting Positions 

Berm Archetype Situational Sensitivity Analysis 

Situational Parameter Man-Hour Factor  Machine Hour Factor Cost Factor 

UNFACTORED VALUES 
(Berms) 

54 54 $1,992.38 

MISSION: Base Defense 1.0 1.0 1.4 

ENEMY: Mounted – Light-
Skinned Vehicles 

0.9 0.8 0.7 

TERRAIN: Desert 0.9 1.1 0.9 

CIVIL CONSIDERATIONS: 
Events 

1.3 1.5 1.8 

RESULT 56.862 

man-hours 

71.28 

machine hours 

$3,163.10 

UNFACTORED VALUES 
(CLT Bunker) 

40 10 $28,997.06 

MISSION: Base Defense 1.0 1.0 1.0 

ENEMY: Light-Skinned 
Vehicles 

0.8 0.8 0.8 

TERRAIN: Desert 1.1 0.9 1.2 

CIVIL CONSIDERATIONS: 
Events 

0.8 0.9 1.5 

RESULT 28.16 man-hours 6.48 machine hours $41,755.77 

TOTAL 87.022 

man-hours 

77.76 

machine hours 

$44,918.87 
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option is clearly better than the sandbag and picket option. In addition, the CLT bunkers can be 

reused multiple times without requiring additional storage space beyond what the bunkers were 

originally transported in. However, if cost is the deciding factor over time required for 

construction then the previous option with sandbags would be better. 

 In both comparisons described above with CLT versus reinforced concrete and CLT 

versus sandbag fighting positions, the CLT options could be chosen due to man-hour efficiency 

(notably seen in comparing sandbags with the CLT bunker) or to cost efficiency as seen with the 

reinforced concrete option. In any case, a commander’s discretion and subjective evaluation 

criteria between each metric is required to determine the best option for that unit’s scenario. As 

shown with these scenarios, a CLT bunker design can be a feasible, acceptable, and affordable 

option for protecting soldiers in the unit. The above evaluations are subject to refinement with 

further research, but show that a quantitative analysis using military influence factors can 

provide a reasonable assessment tool for a commander’s decision-making process. 
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CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS 

The framework developed in this study can be used in future research to evaluate 

legitimate protective structure options for the military. The conclusions presented here can serve 

as a starting point for civilian and military leaders to debate the effectiveness and suitability of 

new protective structure designs. Outcomes of this study allow leaders to assess quantitatively 

the efficiency of various protective structures without the subjective trial-and-error methods 

currently used, and thus can permit more detailed and effective planning for defensive 

operations.  

 

7.1: Conclusions 

The quantitative analysis proposed in this study can be effective in determining the 

relative efficiency of various protective structures in tangible, measurable metrics. Using the 

resource metrics of man-hours, machine hours, and cost, a commander can establish a decision 

matrix based on priorities and quantitative data. Using effective and relevant military influence 

factors helps a commander evaluate the relative effect of military situations which can influence 

any resource metric. The military influence factors described in this study are aligned with the 

mission variables of METT-TC, but similar applications to higher echelons of military 

operations may be similarly effective in adjusting resource metrics. This, however, would require 

additional research and is not described or explored in this study. 

The second conclusion this study points to is the effect of a commander’s subjectivity in 

the decision-making process. While attempting to describe resource metrics in tangible terms, the 

natural course of the study lent itself to finding a common denominator among all resources. In 
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other words, it is tempting to try to find a single number which represents the effectiveness of 

each archetype in a single, definite term.  But there is one important principle in modern military 

doctrine which does not easily permit this description of resource metrics in one term. This is the 

principle of mission command. The principle of mission command attempts to streamline a 

commander’s decision-making by permitting a wide margin for exact execution of any mission. 

In theory, a commander or leader can accomplish a mission if they understand only what the 

mission is and what their higher command’s intent is. The idea is if a commander can 

accomplish a mission with minimal input it allows a subordinate unit to maximize its intellectual 

capital in the accomplishment of any situation. In this case, the likelihood of relating all resource 

metrics in a manner consistent with the principles of mission command is very low. 

Because of this, a commander’s subjective analysis and intellectual input based on 

experience, advice, and intangible tactical variables is vitally important to make a decision about 

the most efficient protective archetype for that commander’s mission. In this regard, the 

quantitative analysis becomes a powerful tool for a commander’s decision and reduces ambiguity 

in the decision-making process. While the resource metrics give a more complete solution for a 

commander’s protection plan, there is still no “correct” answer to a specific situation using the 

results from this study. Therefore, a leader’s input and subjectivity commensurate with their rank 

and experience is necessary to maximize the efficiency and economy of protective designs. 

Finally, this study showed that a CLT bunker design is feasible and adequate for 

protective structure applications. By conducting a rudimentary analysis on a simple design and 

comparing the results to potential situations found in real life, this study can quantitatively 

analyze the effectiveness of this option in terms of the resource metrics previously described. 

Comparing the CLT design to realistic situations with other archetypes demonstrates not only the 
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effectiveness of the quantitative analysis and military influence adjustments, but of the potential 

use of CLT in military technology and protective structures.  

 

7.2: Recommendations 

 The first recommendation from this study is to continue military-oriented research into 

both quantitative analysis variables and into military influence factors. The factors used in this 

study were derived using the author’s experience in the United States Army as well as verbal 

discussions from other officers and leaders in the course of that career but are far from 

completely established and widely recognized by all leaders across the military. Outside 

influences on these quantitative variables can have a significant effect on estimates of man-

hours, such as a soldier’s experience level or unpredictable weather effects. Other variables can 

influence the machine hours metric like serviceability and availability of equipment, and costs 

can vary dramatically with the variability of fuel costs and economic principles of supply and 

demand. Further research into refinement of these variables is necessary for more accurate 

estimates of resource metrics in the quantitative analysis. 

 As stated in the previous subsection, the military influence factors which adjust the 

quantitatively established resource metrics for a commander’s decision should also be refined. 

Using the mission variables of METT-TC are a convenient system to establish these factors, but 

they do not completely encompass all military influences. To be sure, it is likely impossible to 

establish a system which accounts for all possible military influence factors, but further research 

into commonly encountered military situations and their effects on resource metrics in the 

construction of protective structures should be a priority for the United States military. 
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The next recommendation is to continue technological research for cross-laminated 

timber in military applications. The initial research conducted by LTC Sanborn and USMA 

Cadets Zade Koch and Andrew Valkenburg regarding the use of CLT as a construction material 

for hardened structures also showed promise, especially when combined into a hybrid CLT (H-

CLT) concept using steel (as this study proposes) or Kevlar fibers. The American National 

Standards Institute 2012 and National Design Specifications and International Building Code 

2015 has recognized CLT as a construction material for structures within the United States for 

domestic projects, so the natural next step for the military is to maintain pace with modern 

technological advances in construction and to continue active research into military applications. 

Two specific areas of further recommended research are in penetration testing of various 

projectiles and missiles and blast resistance. Penetration resistance tests conducted by LTC 

Sanborn, et al, studied the relation of projectile velocity to penetration depth for a ½” round 

projectile and compared it to the accepted standards given in the Unified Facilities Codes (UFCs) 

used by the Department of Defense. The results used in this study were based on this, but in 

future research it is recommended that NATO full metal jacket rounds of various calibers be 

introduced into this penetration testing in order to refine the current UFCs. This would allow a 

more complete understanding of CLT’s resistance to commonly used projectiles as fired from 

typical weaponry. In addition, blast effects on CLT construction and connections must be 

conducted in order to assess a structure’s resistance to threats like indirect fires or satchel 

charges, which employ focused detonations of high explosives to send shrapnel at supersonic 

velocities into the target or to overwhelm the structural stability of a building or vehicle. 

Therefore, additional research using modern military demolitions and high explosive munitions 
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like grenades should be conducted to establish the effects on structures constructed of CLT and 

H-CLT and determine the most efficient designs for future combat use. 

Finally, it is recommended that the US Army Corps of Engineers, Army Research 

Laboratory, and Engineer Research and Development Center commission several prototype 

designs of this CLT bunker to continue the research recommended above. Opening the 

opportunity into additional research of penetration and blast resistance as well as refining the 

quantitative analysis variables and military influence factors can provide the Department of 

Defense with a sustainable, expeditionary, and protective structural material for use in various 

applications worldwide. 

To answer the questions posed at the end of Chapter 2, the material properties of CLT 

could establish an effective way of protecting soldiers in an expeditionary combat scenario. Its 

mobility, reusability, and ease of construction with minimal training demonstrates an advantage 

over currently used protective methods, and the quantitative analysis tool can mathematically 

validate a commander’s decision on protection for the soldiers in their unit without completely 

separating them from their authority and responsibilities. This study’s intent is to provide 

evidence that CLT technology and quantitative analysis techniques can aid a commander in a 

combat scenario. 
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APPENDIX A: SITUATIONAL ANALYSIS VARIABLES 

 

  

Sandbag and Picket Archetype 

MISSION 

Man-Hour Factor 

(γMP) 

Machine Hour Factor 

(γMM) 

Cost Factor 

(γMC) 

Patrol Base Operations 0.60 0.30 0.50 

Small Arms Contact 0.90 0.70 0.70 

Indirect Fire Contact 1.60 1.20 1.30 

Base Defense 1.00 1.00 1.00 

Maneuver Defense - Light 1.10 0.90 1.00 

Maneuver Defense - Armored 1.40 1.90 2.00 

Defense Support to Civil Authorities 0.60 1.30 1.70 

ENEMY 

Man-Hour Factor 

(γEP) 

Machine Hour Factor 

(γEM) 

Cost Factor 

(γEC) 

Dismounted 0.80 0.50 0.70 

Mounted - Light Skinned Vehicles 1.00 1.00 1.00 

Mounted - Armored Vehicles 1.20 1.50 1.20 

Artillery/Indirect Fire 1.50 1.60 1.60 

TERRAIN 

Man-Hour Factor 

(γTP) 

Machine Hour Factor 

(γTM) 

Cost Factor 

(γTC) 

Urban 1.10 0.80 0.80 

Desert 1.80 1.10 1.10 

Jungle/Forest 1.50 1.30 1.40 

Mountain 1.70 1.80 1.70 

Rolling hills/farmland 1.00 1.00 1.00 

CIVIL CONSIDERATIONS 

Man-Hour Factor 

(γCP) 

Machine Hour Factor 

(γCM) 

Cost Factor 

(γCC) 

Areas 1.00 0.80 1.10 

Structures 0.80 1.00 0.60 

Capabilities 1.20 1.10 1.00 

Organizations 1.30 0.60 1.70 

People 1.60 0.70 1.50 

Events 1.50 1.30 1.80 
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Reinforced Concrete Archetype 

MISSION 

Man-Hour Factor 

(γMP) 

Machine Hour Factor 

(γMM) 

Cost Factor 

(γMC) 

Patrol Base Operations 0.60 0.80 0.60 

Small Arms Contact 0.70 0.80 1.00 

Indirect Fire Contact 1.10 1.00 1.20 

Base Defense 1.00 1.50 1.30 

Maneuver Defense - Light 1.20 1.00 1.00 

Maneuver Defense - Armored 1.70 1.70 1.60 

Defense Support to Civil Authorities 0.90 1.00 1.00 

ENEMY 

Man-Hour Factor 

(γEP) 

Machine Hour Factor 

(γEM) 

Cost Factor 

(γEC) 

Dismounted 0.80 0.80 1.00 

Mounted - Light Skinned Vehicles 1.00 1.00 1.20 

Mounted - Armored Vehicles 1.30 1.50 1.50 

Artillery/Indirect Fire 1.50 1.80 2.00 

TERRAIN 

Man-Hour Factor 

(γTP) 

Machine Hour Factor 

(γTM) 

Cost Factor 

(γTC) 

Urban 0.60 0.50 0.80 

Desert 1.40 1.20 1.30 

Jungle/Forest 1.20 1.50 1.50 

Mountain 1.50 1.80 1.70 

Rolling hills/farmland 1.00 1.00 1.00 

CIVIL CONSIDERATIONS 

Man-Hour Factor 

(γCP) 

Machine Hour Factor 

(γCM) 

Cost Factor 

(γCC) 

Areas 1.40 1.00 1.00 

Structures 1.10 1.80 1.00 

Capabilities 1.00 1.50 1.50 

Organizations 1.20 0.70 1.40 

People 0.90 0.70 0.90 

Events 0.60 1.50 1.60 
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Berms Archetype 

MISSION 

Man-Hour Factor 

(γMP) 

Machine Hour Factor 

(γMM) 

Cost Factor 

(γMC) 

Patrol Base Operations 0.50 0.20 0.50 

Small Arms Contact 0.80 0.40 0.80 

Indirect Fire Contact 1.50 1.60 1.30 

Base Defense 1.00 1.00 1.40 

Maneuver Defense - Light 0.90 0.80 1.00 

Maneuver Defense - Armored 1.30 1.20 1.30 

Defense Support to Civil Authorities 1.00 1.00 1.70 

ENEMY 

Man-Hour Factor 

(γEP) 

Machine Hour Factor 

(γEM) 

Cost Factor 

(γEC) 

Dismounted 0.70 0.40 0.30 

Mounted - Light Skinned Vehicles 0.90 0.80 0.70 

Mounted - Armored Vehicles 1.00 1.30 1.00 

Artillery/Indirect Fire 1.50 2.00 1.50 

TERRAIN 

Man-Hour Factor 

(γTP) 

Machine Hour Factor 

(γTM) 

Cost Factor 

(γTC) 

Urban 1.60 0.80 0.70 

Desert 0.90 1.10 0.90 

Jungle/Forest 1.20 1.30 1.80 

Mountain 1.50 1.50 1.50 

Rolling hills/farmland 1.00 1.00 1.00 

CIVIL CONSIDERATIONS 

Man-Hour Factor 

(γCP) 

Machine Hour Factor 

(γCM) 

Cost Factor 

(γCC) 

Areas 1.00 1.00 1.00 

Structures 1.20 1.20 0.70 

Capabilities 1.40 1.20 1.50 

Organizations 1.10 1.10 1.30 

People 1.50 0.90 1.40 

Events 1.30 1.50 1.80 
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CLT Bunker Archetype 

MISSION 

Man-Hour Factor 

(γMP) 

Machine Hour Factor 

(γMM) 

Cost Factor 

(γMC) 

Patrol Base Operations 0.60 0.60 0.80 

Small Arms Contact 0.80 0.70 0.90 

Indirect Fire Contact 1.00 1.00 1.00 

Base Defense 1.00 1.00 1.00 

Maneuver Defense - Light 0.80 0.70 0.80 

Maneuver Defense - Armored 1.10 1.30 1.20 

Defense Support to Civil Authorities 0.75 0.90 1.80 

ENEMY 

Man-Hour Factor 

(γEP) 

Machine Hour Factor 

(γEM) Cost Factor (γEC) 

Dismounted 0.80 0.70 0.80 

Mounted - Light Skinned Vehicles 0.80 0.80 0.80 

Mounted - Armored Vehicles 1.10 1.30 1.20 

Artillery/Indirect Fire 1.00 1.00 1.00 

TERRAIN 

Man-Hour Factor 

(γTP) 

Machine Hour Factor 

(γTM) Cost Factor (γTC) 

Urban 1.20 0.90 0.80 

Desert 1.10 0.90 1.20 

Jungle/Forest 1.10 1.10 1.50 

Mountain 1.60 1.80 1.90 

Rolling hills/farmland 1.00 1.00 1.00 

CIVIL CONSIDERATIONS 

Man-Hour Factor 

(γCP) 

Machine Hour Factor 

(γCM) 

Cost Factor 

(γCC) 

Areas 1.00 1.00 1.00 

Structures 0.90 1.10 0.70 

Capabilities 0.80 1.10 0.90 

Organizations 1.00 1.00 1.30 

People 1.20 1.20 1.40 

Events 0.80 0.90 1.50 
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APPENDIX B: SUPPLEMENTAL ELECTRONIC FILES 

Included in this appendix is a file directory of supplemental files for use with this study. 

The Quantitative Analysis spreadsheet calculates Man-hours, Machine hours, and cost for each 

archetype based on equipment available and number of soldiers to protect. This file is included in 

the electronic submission and can be made available upon request by contacting the author. 

File Name Brief Description 

Quantitative Analysis with situations.xlsx Quantifies man-hours, machine hours, and 
cost on a per-soldier basis for each protection 
archetype studied in this thesis. If applicable, 
the resulting baseline resource metrics are 
adjusted accordingly based on available 
equipment necessary for the archetype’s 
construction. It also delineates the Military 
Influence Factors which have been included 
as Appendix A to this thesis. 

 

 

 


